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The important beariTigs of the laws of heat, particalaHy in 
rcfbi\me to tlie pliysical condition of*mafttcr, h»ve led to tlieir 
consideration l)cforc the cheniifial itropcrties of substances, in 
this as in most othcr' ticnientary treatises on (;liemistry. ^'^ght 
is*then shortly e^/ siclered, chiefly lu reference to its ehefnieal 
iatioas. The ])riueiples of its NoTiienclature, in ;'hieh com- 
])ared with many sciences, chemistry li^is been liigbly fortunate, 
arc then explained, toj^^thcr with the Symbolical^ Notation in 
\ise, ])y means of which the composition of highly ccfmpoiind 
bodies is expressed with the same palpable dislinctness, wliich 
in aritiimetie attends the use of figures, in plaice of words, for 
the expression of numerical sums. 

A eonsideral)le section of t?lic ^ork is tken devoted to the 
(amsideration of the fundgimental doctrines of chemistry, urffler 
the heads of Combining Proportions, Atomic Theory, Doctrine 
of Volumes, Isomorpliism, IsomSrisin, Constitution of Salts, 
and Cliemical Affinity, includftig the propagation of this action 
til rough inetallic and saline media, in the voltaic fffclc. 

The materials of the Inorganic world are tlien descril^cd, 
under the two divisions of mm inetallic elements and their com - 
jiounds, and metallic elements and their coippounds. 

liaslly, tlie numerous compounds of the Organic world arc 
iliscussed. In^ this department, a most extraordinary progress 
has been made within a very short period. The study of or- 
ganic chemistry has also been much facilitated by classification, 
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and the arrangement binder Con^pound Radicals^ introduced by 
M, Liebig. 

It was now ob^^iijus that tv:c science was sufficiently 
advanced to be applied to .tlje elucidation of the great ques- 
tions of vegetable ifnd aniraalr physiology. A condensed view 
is gi^eq of the new^iscpveries in the former department, and 
also of the important eon (fusions respecting the animal functions 
of respiration and di^cstion^ results which arc entirely new, and 
now (inter for the«first time into a systematic work on 
^Chemistry. 


University College, 
November, 1811. 
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- . 927, line 9 from bottom, /or vegetables rcadnutgalls 
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C H E I S T.R-J 


(’ ll A PTE 11 I. 

HEAT, 

• • 

The o])ject,.s of the material world are altered it) tlieir proper- 
ties l)y heat in a very remarkable manner. The eonversion of 
ice into Avater, and of water into vapour, by the application of 
heat, atl'ords a familiar illustration of the efTcct of this* agent in 
changing the condition of l)odies. All other material sul)stances 
are ecpially under its influence ; and it gives rise to numerous 
and varied ])heriomcna, demanding the attention df the cbemical 
iiKjuirer. , 

n(\at^s A^ery readily cornnujnieated from one body to another ; 
so that Avhen hot and cold bodies Are placed near each otJier, 
they spe(*dily attain the same temperature. The ol^Anous trans- 
ference of heat in such circumstances impresses the idea that it 
|)ossesses a substantial existence, and is not merely a qhality of 
bodies, like coloAr or AAT-ight; and when thus considered as 
a inaterial substance, it has Beceh^ed the name caloric. It 
Avould l)e injudicious,* hoAvever, to ♦efiter at present into any 
speculation on tlie nature of heat ; it is sufficient to remai*k 
tliat it differs from matter as usually concciAT.d, in several res- 
pects. Ckir knowledge of heSt is limited to the different effects 
wliich it produces upon bodies, and the mode of its transmis- 
sion; and these subjects may be considered Avithout refercn(‘e to 
any theory of the nature of tliis agent. • 

The subject ol heat will treated of under the folloAving 
heads : 



o 


EXPANSION OF SOEIDS. 


!♦ Expansion, tlic most gjeneral effect of lieat, and tlic Ther- 
mometer. 

2. Specific Heat. 

3. The communication of lieat Conduction and Radiation. 

4. Liquefaction, as an cfTec^ of heat. 

5. Vaporiptioii, ^)r the ga*sc'(ms state, as an efiect of heat. 

*0. Specuiativc notions wliicfi have been entertained res|)ce1iniv 

the Nakire/^Jf heat. ^ 

EXPANSION AW THE THERMOMETER. 

All bodies in nature, solids, liquids, or gasc'.s, suffer a tempo- 
•rary increase o{ dimension when heated, and contract again into 
their original volume on cooling. 

1. Expaimon^ of Hol\(hl The expansion of solid bodies^ sucli 
as the metals, is by no means, considerable, but may readily be 
made sensible. A bar of iron, which fits easily when cold into 
a gauge, will be found, on heating it to redness, to have in- 
creased sensibly both in length and thickness. The expansion 
and contraction ol metals, indeed, and the immense force with 
Avhich these changes take place, are matters of familiar oliserva- 
tion, and arci often made avjiilalile in tht arts. Tlie iron hoops 
of carnage wh^^els, for instance, are a])plied to tlie frame while 
they arc red hot, and in a state of expansion, and being then 
suddenly cooll-d by dashing water upon them, they contract 
» aiul bind the wood work of the wheel with great force. Ilie 
expansion of solids, however, is very small, and requires ni(*c 
measurement to ascertain its amount. The expansion in length 
only has generally been determined, dmt it must id ways be re- 
. membered that the l)ocly expands also in its other dimensions, 
in an equal proportion. The first general fact observable is, that 
the amount of dilatation 1^ heat** is different in different bodies. 
No two solidi? expand alike.' The metals expand most, and their 
ratbs of c^'pansion are best^known. Rods of the undermen- 


tioned 

substances, on being 

heated from the freezing 

to the 

boiling 

point of water, elongate as follows : 




Lead 

... 1 on 351 

Pure Gold . 

1 

on 

GS2 

Silver 

. . .• J „ 524 

Iron Wire 

1 

39 

812 

Copper 

. . . ] „ 581 

(iPlatinum . . 

1 

53 

11G7 

Brass 

GC 

Flint Glass . 

1 


1248 
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Tills is the inci^.ase which these liodies sustairf in leiif»-th. 
Tlieir inca’ease in i^eneral buRv i:| alxuit three tiines |>;reater. 
Tims, if «;lass chmgates 1 part in l2'1S fr<^in theireezing to the 
lioiling jioint of wat.er^ it wil dilate in/nd)ic capacity:; parfs 
in 1248 or 1 part jii 416.. I'he e^oande^ bodies return to their 
origimd dimensions on cooling. Wood doc^s not exp^uid iiiueh 
in length ; hence it is occasion^ly used* as a pendulum rod. 
For the same reason a slip of marble has lately 1)5N eitijfloyed 
for that p urpose, in constructing the tht^ ] loyal Societ y 

of Fdio burgh. Flint glass expands l)y the table i /isl:h part, 
while llie metal platinum «i»\'pnnds vetj^ little more, 

Ilciice the possibility of cementirig glass and.platiiumilogetlier,^ 
as is done in many chemical instruments. Other metals iiushed# 
througii tile glass wlion it is red hot and soft, shriilk afterwards 
so in^icli more than the glass on cooMol^, as to^ separate from 
it, and become loose. Lead i.\ th^ most expansible of the 
nu'tals ; it expands betwecij three and four times more than 
jilatinum from the same heat. 

•By iar the most inijiortant discovery in a theoretical point 
of view, that lias been made on the subject of the dilatation 
of solids by heat, is tlie observation of» Professor Mitscherlirli 
of Picrlin, liiat tJie ai^^les of some crystals are. allected by 
<rha)iges of temperature. This pmives that some solidS in tlie 
erystfdllne form do not expand uniformly, but more in fnic 
direction tlian in another. Indeed, Mitschcrlicdi ♦las sliewu tliat; 
while ?i*crystal is expanding in letigth by licat, it may aclcuilly , 
be contracting at the same tiyic jn another dimension. An 
angle of r1voml)oidal calcareous spar alters eight and a hah’ 
minut(^s of a degree betwcicn^ the freezing and boiling points oi 
water. But this unecjual expansion does not occur in crystals of 
wliicb all the sides and angles are alike, as tlie cube, the reguliir 
odohedron, the rhomboidal (Jodekahedron. In investigating 
the laws of expansion among solids, it is adviseahlcf, therefore, to 
make choice of crystallized bodie^. For, in a suli^^tancc hoi. 
regularly crystallized, the expansion of dilferent specimens may 
not be pfecisely the same, as the internal structure may ht' 
different. Hence the expansions of the sfime sul)staiic*e 5 ;is 
given by different experimenters, do not always cxnetly 
corresjiond. TJie same glass has been observed (o dilate 
more when in the form ()f% solid rod, tiian in lhal ol a* 
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tu1)C ; and flic numerous experiments on u^crystallized bodies^ 
which we possess have afforded Vio ground/ for general deduc- 
tions. * \ 

It has been farther (Observed, th£t the same solid is more ex- 
pansible at Ingli than at low t^npcratu,res, although the im rease 
in the rat^ of exjianfion is in general not considerable. Tims, 
if we mark the progress of the dilatation of a bar of iron under 
a gralluUted^iieat, we «find that the increase in dimension is 
greater for on6 de^rev^ o^ heat near* the boiling point of water 
than for one degree near its freezing point. Solids are olxscrved 
to expiiTul at an accelLlated rate, in particular, when heated up 
to* near tlieir ^fusing points. The cohesion or attraction which 
fulisists between the ])articles of a solid is supposed to resist 
tlje expansive power of heat. But many solids become less 
tenacious, or soften before* melting, which may account for 'tlieir 
increasing expansibility. .Platinum^is the most uniform in its 
expansions of the metals. 

Such (dianges in bulk, from variations in temperature, take 
place with irresistible force. This was well illustrated in <in 
experiment, which v^as successfully made upon a gallery in the 
Museum of Arts and MjHmfactures in Paris, in order to preserve 
it. The opposite walls of this edifice v’ere bulging outwards, 
from th'e pressure of the floors and roof, which endangered its 
stability. By the directions of an ingenious mechanic, stout 
iron rods were ‘laid across the building, with their extremities 
,pr(Tjecting through the opposite walls. The rods were tlien 
strongly heated by a iiumber\,of Ifimps, and when in an ex]:)am]ed 
condition, a disc on either extremity of each rod was screwed 
firmly up against the external surfaoe of the wall. On after- 
wards allowing the rods to cool, they contracted, and drew the 
walls to which tliey were attached somewhat nearer together. 
Tlie process was several times 'repeated, till tlie walls were 
restored to a lierpendicular position. 

The force of expansion al\yays requires to be attended to in 
tlie arts, when iron is combined in any structure with less ex- 
pansible materials. The cope-stones of walls are sometimes 
held together with -clamps, or bars' of iron : such bars, if of cast 
iron, which is brittle, often break on the first frost, from a 
tendency to contract more than the stone will permit ; if of 
.malleable iron, tliey generally cru^h the stone, and loosen them- 
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selves^in their sockets. When cast iron pipes are employed to 
conduct hot air or' steam ,thrbui>|i a factory, tliey are never 
allowed to abut against a wall orfcbstaclS wliicli they might in 
expanding overturn. ^ | / 

A #oinpound bar, mad<» by so)/§ring together two tliiii plates 
of copper and platinum, affordj^ a good iliustration 4)f unequal 
expansion by heat. The copper plate, beinjj much more expan- 
sible than platinum, tlie bar is bent apon the a}f[)lication of 
lieattoii; and in such a manner, #hat* fhe co])j>er is on the 
outside of the curve. It may easHy be conceived, that by a 
proper attention to the expj^iftiions of tl*^ metals of \^hich it is 
(X)niposed, a bar of tliis kind might be s® constructed, that, 
althougli it was heated and expanded, its extreme points shoul(> 
always remain at the same distance from each otlier, the length- 
ening l)eing compensated for by tlfe tending. The balance 
wdieels of cliroTiometers are pre^jerved invarial)le in their dia- 
meters, at all temperatures, •by a contrivance of this kind. It 
has also been applied to the construction of a thermometer of 
s(Tlid materials — that of Breguet. 

When hot water is suddenly poured upon a thick plate of 
glass, the upper surface is heated and (»cpanded before the heat 
j)enetrates to the lowitr surface of tlie plate. There is here 
unequal expansion, as in the case of the slip »of copper and 
platinum. The glass tends to bend, with the hot ami expanded 
surface on the outside of the curve, but is brokeTi from its want 
of flexiT)ility. The occurrence of such fractures is best avoidcci* 
by applying heat to glass vessels in a graduak manner, so as to 
occasion no great inequality of expansion ; or by using very 
thill vessels, through the substance of which heat is rapidly 
transmitted. 

This effect of heat on glass may by a little address be turned 
to advantage. Watch glassed are cut out of a thin globe of 
glass, by conducting a crack in a proper direction* by means of 
an iron rod, or piece of tobacco pipe, heated to redne*ss. Glass 
vessels damaged in the laboratory may often be divided in the 
same manner, and still made available for many useful pur- 
poses. * • 

Both cast iron and glass are peculiarly liable to accidents 
from unequal expansion, when in the state of flat plates. Plate 
glass indeed can never be heated without risk of its lireaking.* 
The flat iron plates placed across chimneys aj dainpcTs, are also 
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very apt to split when they become hot, amU^inch inconvenience 
]}as often been experienced if inanufa(‘torics from tliis cause. A 
silglit curvature in tlieir forrp has been found to protect them 
most elTectiially, , \ f ^ 

Eo'panmm of li'/fdds. ln,h;juids the cxpai^sive force of heat 
istlittle reposted by oahesivc att^ac^tion, and is much more consi- 
deralde tlian in solids- This fact is strikinn^ly cxliiluted by fdlinii,* 
the Imlf) add });irt of lift'- stem of a common therinometer tube 
with a liquid, and applyiin; heat to it. The liquid is seen im- 
mediately to mom it in tlie t^ahe. 

Thi) first Law in the case of liquids is tliat some expand much 
more (Considerably by beat than others. Thus, on being heated 
'•to tlie same odA'.nt, namely, from the freezing to the boiling 
point of water, 

Mj)irits of wincrexjmnd '' V that is, 1) measures become 10 


Fixed oils 

c _ L 

1 'i 

,f 12 

5? 

1 .3 

Water 

. 1 _ 

‘J i .7 T) 

22.7(; 


23.7ff 

Mercury 

1 

„ 55.5 


56.5 


Spirits of wine are, therefore, six times more expansible by 
heat than mercury is. The difference in the heat of the seasons 
aff'eets s(‘nsi])ly the bulk of spirits. In fbe height of summer 
spirits will micas urc 5 per cent more’ tlian in the dejitli of 
winter. ?: 

^riic new liquids jiroduced by the (condensation of gases c'lppear 
to be ebaractenzed by an extraordinary (lilrital)ility. M. 'riiilorier 
• lias observed that fliVid carbonic acid is more (‘X])ansible by lieat 
than air itself; luxated fr()n> .32r to 80^, twenty volumes of this 
]i(juid increase to twenty-nine, which is a dilatation four times 
greater than is produced in air, by.thli same (diange of tem])era- 
turc.* Mr. Kenq) has extended this obserxai^tion to liquid sul- 
j)burous acid and cyanogen, which although not possessing tlic 
excessive dilataliility of liquid carbonic ,acid, are still greatly 
more expansdffc than ordinary liquids. Sir D. Brewster had 
several years hc'fore discxivered certain fluids in the minute cavi- 
ties of topaz and quartz, which .^cerned to hear no analogy to 
any other known licjuid in tlieir extraordinary dil ffabilitv. They 
do not ajipear to ffave been entirely liquefied gases, but probal)ly 
were so in partjf 


* Annalos dc Cliiijiii' et cle Kliysiqiip, t. 60, 4:i7, 

t Eclinburglj, rol; x. .1824. 
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A sjngular correspondence lias been observed^ hy M. Guy- 
jAissac, between tvA) particiiUfr liljuids — aleobol and sulpliuret 
of carlxni, in the amount of tlieir I'xpansibn l)y beat; allJiouivli 
c.'udi of tlicse liquids has aSpartifular timperature at \vlHdi it 
boils-^- 

Alcoliol at ^7 S'* 

Sulphuret of carbon at 1 1 d" 

still the ratios of expansion from the »Jdition, ai^Ft# of t!ofi trac- 
tion frotii the loss of ^hcat, are foun^ to bti uniffirnily tlie same 
in tlie case of these two liquids, wlmdi are the only ones kiioAvn 
to possess suMi a relation.^* numb^f of liquids,Ji(Tvvevcr, 
the expansioL s of whieln under ditierent dcirrees of heat, have^ 
])ecn (‘xaniined, exceedingly small; although fomparative ex-» 
])criments may be made with much greater faialft/ in regard to 
iiquijs tlian solids. 

The second law is, tliat hquidji are*progressively more expan- 
sible at higher than at lower 4:emperaturcs. Tliis is less tliecxise 
witli mercury, perhaps, than with any other liquid. The expan- 
sions of that liquid are, indeed,' so uniform, as to render it ex- 
tremely proper for the construction of the tliermometer, as will 
iii'terwards appear. The rate of ex|)iinsion of mercury was 
determined witli extraoidinary care liy Dulong and^l’etit. 

From T>t() 100^ centigrade, mercury expands 1 ]|^ieasurc*on Sot} 
„ 10 ()^> „ 2 ()(>> „ „ 1 „ .541 


„ 200" „ 300« „ „ „ 1 • „ 53 

Acicording to the same expenmenters, the expansion of iner-* 
cury, confined in glass tubes, i^ only 1 on 64.8. The dilatation 
of the glass causes the capacity of the instrument to be erdarged, 
so that the whole ex[)aiflsio,n of the mercury is not indicated. 
The only mode in which the error introfluced by tlie expansion 
of the enclosing 
Amssel can . be 
avoided, in ascer- 
taining the ex- 
jiansioiis of li- 
quids, is that 
practised by Du- 
long and Petit; 
namely, heating 



the liquid in one limb of a syphon, (see Figure) and oliservingi 
how high it rises above the level of the sanie^ liquid in the other 
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limb^ kept at a constant temperature. Tl^ columns of [loursc 
balance each otlier, and the j^slioi ter column of dense fluid sup- 
ports a longer coluinii of dila :ed fluid. All other modes of ob- 
taining the absolute ex\^ansio]^'S of Uquids are fallacious. 

No progress lias yet been\jnade in discovering the klw by 
which expansions of liquids arq regulated ; for the complicated 
mathematical formuhe of Biot^ Dr. Young, and others, are mere 
general exp'rcssions** fore these expansions, which proceed upon 
no ascertained 'physi^rfl principle. Some theory must be formed 
of the constitution of liquids, before wc can hope to iiccount for 
their (expansions. ^ ^ 

Count Kuril ford jisc*crtained the contraction of water for every 
22|/\ in cooling from 212« to 32 ^. The results were as followsf 
2()()() measufes%)f water contract— 


cooling 22 A", 

or from 

212“ 

to 

1891 . 

18 measures. 

55 

99 « 


59 

167 . 

u;.2 

15 

59 

99 

167 

* 55 

144J . 

13.8 

55 

55 

59 

144^ 

55 

122 

11.5 

59 

59 

55 

122 

55 

99| . 

9.3 

55 

55 

55 

9;)| 

55 

77 • 

7.1 

55 

55 

55 

77 

95 

54^ . 

3.9 

55 

5.9 

59 

54i 

59 

> 32 . 

0.2 

19 


The ’expansion of water, by heat, is subject to a remarkable 
peculiarity which occasions it to be extremely irregular, and 
demands special notice. This liquid, in a certain range of tem- 
^ petature, becomes an exception to the very general law that 
bodies expand by licat. Wqen Jieat is applied to ice-cold water, 
or water at the temperature of 32^, this liquid, instead of ex- 
panding, contracts by every addition of heat, till its temjierature 
rises to at, or very hear which temperature water is as dense 
as it can be. And, conversely, when water of the temperature of 
40^ is exposed to cold, it actually expands with the progress of 
the refrigeration. Water may, with caution, be cooled 20 or 25 
degrees bellow its freezing poyit, in the fluid form, and still con- 
tinue to expand. It is cumous that this liquid, in a glass bulb, 
expands as nearly as possible to the same amount, on each side 
of 42’^ when either heated or cooled the sayie number of degrees. 
Hence when cooled to it rises to the same point in the stem 
as wlicn heated *to 44°; at 32“ it stands at the same point as at 
,52“, and so on for difterent temperatures, as illustrated in the 
graduation of the figure. The expansion of water I^y cold, under 
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40o is yertaiiily not ^/ery great, being little more 

than 1 i)art in 1000 at 32^ ; ^hetice H was early 

susj 3 ected that it might be an illusion, fronf the 
eontraction of tlie glass bulb^^(in Miiich trfe ex- :u)^ 5 j 

perim#nt was always made) forcinr/up the water "I vi 

in the stem. But all grounds oi^ ()bjection#on ;i(j- , 

tliis score have been removed by the mode^in i 40 

which the experiment has^ subsequently been JyJ 42 

conduci (^u, particular^ in the adm5#'able * re- l- 

searche s of Dr. Hoiie on this subjects. \ ^ 

Dr. Hope carried a deep ^5i'!5s jar, fillecfVith Jq 
water of the temperature 50<’, into a very c(Jd 
toom ; and linving immersed two small thermo- 
meters in the water, one near the surface, and 
the od ier at the bottom of the jar, watdhe^! their , 
indications as the cooling proceeded. • The thermometer above 
indicated a temperature higher by several degrees than the ther- 
mometer below’, till the temperature fell to 40®, that is, tlie 
(;hrlled water fell as usual to the bottom of the jar, or became 
denser as it lost heat, as illustrated in Figure 1. At -10® the two 
thermometers were for some time steaftly, (Fig. 2.) but as the 


cooling proceeded 


Fig. 1. 

beyond that point, in coolinp: Incoolin^if 

the instrument in Hbove4(F. ^lov^40 . 

the^ higlrer situation \ ^ ^ 

temperature (Fig.;3); ||!li|ll8 

or the water now as k 'i-.ji 
it became colder, 
became lighter, and 

rose to the top. A better demonstration of the fact in question 
could not be devised. 


Fig. 2. 


Fig. 3. 


In coolin{]f 
below 40^^. 


urn 




114 


Great pains have been taken by several phflosophers to 

determine the exact temperature •of this turning point, at 

which water possesses its n^ximum density. By the recent 

elaborate experiment of Ilallstrom, this point is 39®.38. Sir 

C. Blagden and Mr. Gilpin had made it 39®.* Dr. Hope had 

estimated it at 39^1®. 

^ ^ • 

When salt is .dissolved in water, the temperature of the 

maximum density becomes lower and lower, in proportion to 

the quantity of salt in solution, and sinking Ijelow the freezing 
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point of the liquid^ the anomaly disappears/ This is the, reason 
why the interesting fact ^ IiWq been discussing cannot be 
observed in the case^of sea water. 

There is a solid bkdy wmch j^jesents the only other known 
parallel case of progressive o^ntraction by beat; this is<»ilose’s 
fjisible n^tal, which is an alloy of 

2 part's by weight of Bismuth 
1 part a „ ,, Lead 

Vc, m* 

A w iyft 99 99 

A bar of this metal expands progressively, like other bodies, 
till it ^attains the temperature of it then raf>idly contracts 

by the con&iiuech addition of heat, and af 156^ attains its 
maximum density, occupying less space than it docs at the 
freezing point of water. It afterwards progressively expands 
melting at 2010. It igaay be remarked, however, of thisobody, 
that it is a chemical compouT\d, of ^ kind in which a change of 
constitution is very likely to occur.from a change in temperature ; 
and that it cannot, therefore, be fairly compared with water. 

The dilatation which water undergoes l)elow 40° has been 
supposed to be connected with its sudden increase of volume 
in freezing, for ice isc specifically lighter than water, in the 
proportion pf 92 to 100. The water, it is said, may begin to 
pass ^artially^iiito the solid form at 40*^, altho the change is 
not complete till the temperature sinks to ,■12'^. But such an 
assumption ia altogether gratuitous, and improbable in tlie 
extreme. » 

The extraordinary irregularity in the dilatation of water by 
heat is not only curious in itself, but also of the utmost 
consequence in the economy^ of nature. When the cold season 
sets in, the surface of our rivers and lakes is cooled by the con- 
tact of the cold air and other causes. The superficial water so 
cooled, sinks and gives place ®to warmer water from below, 
which, chilled in its turn, Sinks in like manner. The progress 
of cooling in the lake goes o^ with considerable rapidity, so long 
as the cold water descends and exposes that not hitherto cooled. 
But this circulation^ which accelerates the coolifig of a mass of 
water in so extraordinary a degree, ceases entirely when the 
whole water has been cooled down to the temperature of 40®, 
which is still *8 degrees above the freezing point. Thereafter 
the chilled surface water expands as it loses its heat, and re- 
mains on the top, from its lightness, while the cold is very 
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imperfijctly propagaTed downwards. The surface in the end 
freezes, and the ice may thic]fen^ but at the depth of a few feet, 
the temperature is not under 40®, which is high when compared 
with that frequently experieijlsed, ^ven irf this climate, during 
winter^ 

If water continued to become heavier, until it arrived at tlip 
freezing* temperature, the whole of it woul(^ be cooled to that 
point before ice began to^be formed; •and the ccttis^qucnce 
would be, tliat the jvhole body o& water would rapidly be 
converted into ice, to the destru(?tion of every being that 
inhabits it. Dur warrnest^timmers wSbld malce bjit* little 
impression upon such masses of ice ; and tht cheerful climate, 
which we at present enjoy, would be less comfortable than the 
frozen regions of the pole. Upon such delicate and beautiful 
adjustments, do the order and Infirmpny of© the universe 
depend. 

Expansion of Gases, The*expansion by heat in the different 
forms of matter is exceedingly various. 

lly being heated from 32*^ to 212®, 

1000 cubic inches of iron become 1004. 

1000 ,, water •„ 1045. 

1000 „ air „ 1375, 

Gases are, therefore, more expansible by hes^t than matter 
in the other two conditions of liquid and solid. The reason 
is, that the particles of air or gas, far fronf being under 
the influence of cohesive attraction, like solids or liquids, are 
actuated by a powerful repulsion for each other. The addition 
of heat mightily enhances this repulsive tendency, and causes 
great dilatation. • , 

The rate of the^ expansion of air and gases from increase of 
temperature, was involved in considerable uncertainty till a 
recent period. This arose fron! the neglect of the early experi- 
menters to dry the air or gas upon which they op*erated. The 
presence of a little water by rising in the state of steafti into flie 
gas, on the application of heat, occasioned great and irregular 
expansion^ But in 1801, the law of the dilatation of gases 
was discovered by M. Guy-liiissac, of Paris,* and by our coun- 
tryman, Dr. Dalton, independently of each other. By keeping 
the gases experimented upon dry, these philosophers were en- 
abled to discover that all gases experience the same increase in 
volume by the ap}>lication of the same degree jof heat. 
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Dr. Dalton confined a small portion of dry air over ipercury 
in a graduated tube. He marked ^he quantity by the scale, and 
the temperature b;^ the tmermometer. He then placed the 
whole in circumstancSes wh^*e it ^as uniformly heated up to a 
certain temperature, and obsA^ved the expansion. Guy-Iibssac^s 
apparatus was more complicated, but calculated to give very 
precise results. He* found that 1000 volumes of air, on being 
heatfed* freffi 32® to 212®, become ^1375, which agreed very 
closely with the resfilt of^ Dr. Dalton. Mr. James Crichton, of 
Glasgow, has lately confirmed this determination, finding that 
1000 Volumes of airSfecome 137%^ 

' It folfows** consequently that air at the freezing point expands 
f ^Uth part of its bulk for every added degree of heat on Fah- 
renheit’s sclile : that is — 

e 480 cqbid inches at 32° become 

481 . .33® 

482 „ . 34® &c. 

increasing one cubic inch for every degree. A contraction of 
one cubic inch occurs for every degree below 32®. 

480 cubic inches at 32® become 


4/9 ' „ 

31® 

478 

3b« 

477 

29® &c. 


We can easily deduce, from this law, the expansion which a 
certain volume of gas at a given temperature will un^^rgo, by 
heating it up to any particular temperature ; or the contraction 
that will result from cooling. Air, of the temperature of freezing 
water, has its volume doubled when heated 480 degrees, and 
when heated 960 degrees, or twice as intensely, its volume is 
trebled, which is the effect of a low red heat, e 

Hydrogen gas, steam, and the vapour of sulphuric ether were 
found to expand in the sfpe proportion as air. It has hence 
been concluded that the rate of expansion is the same in all 
gaseous ^uids. It is to be observed also, that in the same 
air or gas, the rate of expansion c continues unifo|-m, at all tem- 
peratures. 
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THE TH^RMOl^ETER, 

An instrument for indicating variations jn the intensity of 
heat, or degrees of temperature, 1)y their •effect in expanding 
some body, was invented more than t^o centuri^^^ ago, •and 
has received successive improvements.^ 

The expansions of solids are too ^minute to be easily mea- 
sured, and cannot, therefore, b«convenientif applied to marie de- 
grees of heat. Air and gases^ on the other Ijand, fire io ‘much 
dilated by a slight increase of heat, that they are not calcu- 
lated for ordinary purposes. The^first thermomet^ constructed, 
however, that of Sanctorio, was an air one. Fig. 1. Fig. 2. 
A glass tube, open at one end, a *bulb 
blown upon the other, (Fig^l.) was slightly 
heated, so as to expel a portion of the air from 
it, find then the open end of the tube was 
dipped under the surface of a coloured fluid, 
which was allowed to rise into the tube, |ls the 
air cooled and contracted; When heat, the 
lieat of the hand for instance, is applied to the 
bulb, the air in it is expanded, and depresses 
the column of coloured fluid in the tube. A 
useful mBdification of the air thermometer, for 
researches of great delicacy, was^ contrived by Sir John Leslie, 
under the name of the Differential thermometer. In this in- 
strument, two close bulbs ajce connected by a syphon containing 
a coloured liquid, (Fig. 2.) If both bulbs be equally heated, the 
air in each is equally expanded; and the liquid between them 
remains stationary. But if the tq^per bulb only be heated, then 
the air in that bulb is expanded, anH the column <rf liquid de- 
pressed. It is, therefore, the difference of temperature between 
the two bulbs which is indicated. 

But liquids fortunately are Intermediate in their expansions 
between .solids and gases, and Vhen containeddn a glass vessel 
of a proper form, the changes of bulk which they undergo can 
be indicated to any degree of precision. 

A hollow glass stem or tube is selected, the calibre or bore of 
which may be of any convenient size, but must be uniform, or 
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not wider at one place than another. Tkbes of very narrow 
bore, and which are called ^fiajMlary^ the 1)ore being like a liair 
in magnitude, are now alone employed. Such tubes are made 
by rapidly drawing oi^t a hUlow (mass of glass while soft and 
ductile under the influence %of heat.^ The pentral cavi/;y still 
continues, becoming the bofe of the tube, and would not cease 
fo exist although the ‘tube were drawn out into the finest tliread. 
From •th^^mode ‘in „which capillary tubes are made, their 
equality of here and . suitableness for thermometers, cannot al- 
ways be depended upon. ^The bore is frequently conical, or 
widen, at one end thaia at the otlvsT. It is tested 4)y drawing up 
into the* tuljfe a httle mercury, as much as fills a few lines of the 
cavity. The little column is then moved progressively along 
the tube, aitd^ts length accurately measured, at every stage, by 
a pair of compasses. The column will measure the sapie in 
every part of* the tube, provided the bore does not alter. Not 
more than one-sixth part of the ^tubes made are found to pos- 
sess this requisite. 

Satisfied with the regularity of the bore, the thermometer- 
maker softens one extremity of the tube, and blows a ball upon 
it. This is not done by the mouth, which would moisten the 
interior, by introducing watery vapoijr, but by means of an 
elastic bag bf caoutchouc, which is fitted to the open end of the 
tube. He then marks off the length which the thermometer 
ought to havu, and, above that point expands the tube into a 
second bulb a little .larger than the first. It has then the form 
of Figure 3. After cooling, the open extremity of the tube is 

plunged into distilled 
and well-boiled mercu- 
ry, and one of the bulbs 
heafed so as to expel 
air from it. During the 
* cooling, the mercury is 
drawn up and risesdn- 
to the ball fl. It is made 
to pass from thence into the ball*“i, by turning the instrument, 
so that A is undermost, and then expelling the air from that 
bulb by applying heat to it, after which the mercury descends 
from the effect of cooling. The ball A, being entirely filled 
with mercury, and a portion left in the tube is supported by 
an iron wire, as represented in the figure, over a charcoal fire, 


Fig. 3. 
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Avtiere it is heated thioughoat its whole length, so as 'to boil the 
mercur^ the vapour of which 4lrive^s out all the air and humi- 
dity, and the balls contain al the end nothing but the metal 
and its vapour. The open erli of Jhe tulijp, which must not be 
too ho^ is then torched with* sealklg wa^, which is drawn into 
the tube on melting, and solidifies there on protecting that end 
of the tube from the heat. That%eing done, the thertnometer 
is immediately withdrawn from the fire^ afld beiiig^hold 
tlie end sealed with wax up{>ermost, during»thc c<>oling the ball 
and the portion of the tube bglow the ball a, are filled 
with mercury. . After cooling, *ljie instrumisiit is inclined adittle, 
and by warming the lower baB, a portion of naercurf is hxpelled 
from it, so that the mercury may afterwards stand at a proper 
height in the tube when the instrument is cold^ .The tube is 
then melted with care by the blow-pipe flame below the ball 
and closed, or hermetically sealed, as inV. The thermometer 
is in this way properly fille*d^ witli mercury, and contains no 
air. 

We have now an instrument in which we can nicely measure 
and compare any change in the bulk of the included fluid metal. 
Having previously made sure of the equality of the bore, it is 
evident that if the mercijry swells up anS rises two, three, four, 
or five inches in the tube, it has expanded twice, tkf*ice, four or 
five times more than if it had risen only one inch in the tube. 
By placing a graduated scale against the tube, we aan, therefore, 
learn tluf quantity of expansion by simple inspection. 

In order to have a fixed point on* the scale, from which to 
begin counting the expansion of mercury by heSit, we plunge the 
bulb of the thermometer ipto melting ice, and put a mark on 
the stem at the point to w hich the mercury falls. However 
frequently we do sd with the same instrument, we shall find that 
the mercury always falls to the same point. This is, therefore, a 
fixed starting point. We obtain aidfether fixed point by plung- 
ing the thermometer into boiling water. With certain precau- 
tions, this point will be found equjflly fixed on every repetition 
of the experiment. The most important of these precautions is, 
that the barometer be observed to stand at ^9.8 inches, when 
the boiling point is taken. It will afterwards be explained that 
the boiling point of water varies with the atmospheric pressure 
to which it is subject at the time. 

Thermometers which are properly closed, and contain no air. 
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can be inverted without injury, and the riiercury falls into the 
tube, producing a sound a% wai^^r does in the water-hammer. 
When the instrument contains air/ the thread of mercury is apt 
to divide on inversion^ or froha otlfeer circumstances. When this 
accident occurs, it is best remedied bv attaclpng a string^to the 
upper end of the instrument, and whirling it round the head. 
The detafched little column of mercury generally acquires in this 
way a een^rifugal forest which enables it to pass the air, and 
rejoin the mei^cury ki the bulb. * 

When the glass of the'^l^ulb is thin, ft is proper to seal the 
tube as described, a»d to retain ife^for a few weeks before mark- 
ing upoh it the fixed points. ThdFmometers, however carefully 
graduated at first, are found in a' short time to stand above the 
mark in meltifig ice, unless this precaution be attended to. Old 
instruments often err by aiS much as half a degree, or even a degree 
and a half in this way.'" ITie effect is supposed to arise from the 
pressure of the atmosphere upon the bulb, which, when not 
truly spherical, seems to yield slightly, and in a gi*adual manner. 
The chance of this defect may be avoided by giving the bulb a 
certain thickness. Mr. Crichton^s thermometers, of which 
the freezing point has not altered in forty years, were all made 
unusually thick in the glass. But this^ thickness has the disad- 
vantage of cflminishing the sensibility of the instrument to the 
impression o^ heat. 

We have iij this way the expansion marked off on the tul)e, 
which takes place b^etween the freezing and boiling puints of 
water. On the thermometer which is used in this country, 
and called Fahrenheit's, this space is subdivided into 180 equal 
parts, which are called degrees. This, division appears empirical, 
and different reasons are given why it was originally adopted. 
Fahrenheit was an instrument-maker in Hamburgh, and as he 
kept his process for graduating! thermometers a secret, we can 
only form conjectures as to what were the principles that guided 
him* « 

It is more convenient to Sivide the space between the freezing 
and boiling of water into 100 eqtial parts, which was done in 
the instrument gf Celcius, a Swedish philosopher. This di- 
vision was adopted at a later period in France, under the 
designation of the centigrade scale, arrd is now generally used 
over the continent. The freezing point of water is called 0, 
or zero, and the boiling point 100. But in our scale, the 
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point is arbitrarily Jailed 32o, or the 32nd degree ; and conse- 
quently the boiling point is S^Aidde^ 180, or the 212th degree.* 

The scale can easily be prolonged to any extent, above or 
below these points, by marlling off equ^l lengths of the tube 
for l§j) degrees, either above or below the space first marked. 
The degrees of contraction below iero, or ^0°, are marked bjy- 
the minus sign ( — ), and called ^negative 'degrees, in* order to 
distinguish them from degrees of the sipae* name •zero, 

or positive degrees. ThuS, 47° means th^ 47th* degree above 
zero, — 47°, the 47tH degree under^zero. 

The only other scale in use^\^ that of Reaumur, in the •north 
of Germany. The expansioiTbetween the freezing ali'd iJoiling of 
water is divided into 80 parts in this thermometer. The relation 
between the three scales is illustrated in the following diagram. 

• The zero of our scale 

Fahifnheit’s Centigrade Reaumurs i , 

scale. scale. ^cale.. degrees below 

the freezing point of 

water, and the expan- 

. sions of mercury are 

available in the ther- 

8t^*mometer from — 

gQ to 600o ; ^t about the 

latter depee, mercury 

rises in the tube in the 

20 state of •vapour, so as 

^ to •derange the indica- 

tions,^andat about 66*0^ 

it boils, and can no 

longer be retained in 

the glass vessel ; while 

at the former low point 

it freezes or becomes 

* A simple rule may be given for converting centigrade degrees into degrees 
Fahrenheit. 100 degrees Centigrade being ^equal to 180 degrees "Fahrenheit, 
10 degrees C. = 18 degrees F., or 5 degrees C. = 9 degrees F. ; multiply the 
Centigrade degrees by 9, and divide by»5> and add 32. Thus to find the degree F, 
corresponding with 50® C. ^0 

9 

5)450 

90 

add 32 

Or the 50® C. corresponds with the 122° F. 
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solid. For degrees of cold below the freezilg point of mercurj^ 
we must be guided by the 5onti4ctions of alcohol, or spirits of 
wine, a liquid which Jias not been Frozen by any degree of cold 
we are capable of producing^ Thire is no reason, however, for 
believing that we havcf ever aescehded morg than 130^r 140 
degrees below our zero. 

* The zero of these* scales ifas, therefore, no relation to the 
reul vem qf^heat, flr ppint at which bodies have lost all heat. 
Of this points we l#now nothing, aftd there is no reason to 
suppose that we have ever ^approached if. The scale of tem- 
perature may be compared to a qbain, extended .botli upwards 
aftd dovfliwdids beyond our sighfT* We fix upon a particular 
link, and count upwards and downwards from that link, and 
not from the beginning of the chain. 

The means of producing heat are much more at our com- 
mand, but we*liave nd measure of it, of easy application and 
admitted accuracy, above the boiling point of mercury. Re- 
course has been had to the expansion of solids at high tem- 
peratures, and various pyrometers, or measures of fire,^* have 
been proposed. Professor DanieFs pyrometer is a valuable instru- 



ment of this kind, but it has ndt yet come into general use. 
Its indications result from the difference in the expansion by 
heat of an iron or platinum bar, and a tube of well-b^ed black- 
lead ware, in which the bar is contained. the metallic bar a 
is shorter than the tube, and a short plug of earthenware b is 
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placed in the moutn of the ^be above the iron bar, and so 
secured by a strap of platinuirf foil* and a little wedge, that it 
slides with . difficulty in the tube. By the expansion of the 
metallic bar, the plugf of earjhenwpre is pushed outwards, and 
remaii^s in its new position after the contraction of the metallic 
bar on cooling. The expansion the iro» bar thus^ obtained, 
is measured by adapting to the instrument an index, c, which 
traverses a circular scale, before and after the earthenware plug 
has been moved outwards ty the expansion of tlie metallic bar. 
The degrees marked on the scale are in each instrument com- 
pared experimentally witli^kose of thd ^mercurial sjal^, and 
the ratio marked on the instrument, so that its degrees are , 
convertible into those of Fahrenheit, (Philoi^phical Trans- < 
actions, 1830-31.) An air thermometer, of which the bulb and 
tube jvere of metal, has also been eftnployed tg explore high 
temperatures. In the old pyrometer of Wedgwood, the degree 
of heat was estimated by thft permanent contraction which is 
produced upon a pellet of pipe-clay; but the indications of this 
instrument are fallacious, and it has long gone out of use. 

The applicability of the mercurial thermometer, to measure 
degrees of heat, depends upon two important circumstances, 
which involve the wholeitheory of the instrument : 

1st. The hollow glass ball, with its fine tube of /iniform bore, 
is a nice fluid measure. The ball and part of "the stem being 
filled with a fluid, the slightest change ii^the bulk of the fluid, 
which m*ay arise from the application of heapt or of cold to it, is 
conspicuously exhibited by the r^e qt fall of the fluid column in 
the stem. No more delicate measure of the bulk of an included 
fluid could be devised. • , 

2nd. It fortunately happens that the expansions of the fluid 
metal, mercury, which we can thus measure so accurately, arc 
proportional to the quantities "of heat which produce them. 
But the mode in which -this is proved, requires i little atten- 
tion. Suppose we had two reservoirs, one containing Cold, and 
the other hot water. Plunge a thermometric bulb containing 
mercury fif st into the cold water, and mark at what point 
in the stem the mercury stands*. Then plunge* it into the hot 
water, and mark also the point to which the mercury now rises 
in the stem. can obviously make a heat which will be half 

way exactly between the hot and cold water, by taking the same 
quantity of the hot and cold water and mixing them together. 
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Now, does this half heat produce a half expansion in mercury V 
On trial we find that it does.# In the mixture of equal parts of the 
hot and cold water, thfe mercury stands exactly half way between 
the marks, supposing^the exj)erim^nt to Be conducted with the 
proper precautions. Tliis proves that.the dilatations of m^'rcury 
axe proportional to <the inteni^ty of the heat which produces 
them. In the mercurial thermometer, therefore, quantities or 
degrees of expansion may be taken to indicate quantities or 
degrees of hea£; ancf that js the principle of the instrument. 

The same correspondenoe exists between the expansions of 
air and ^e ^uantitiel 6f heat whiohj)roduce them. Indeed in 
tlie case of air, the correspondence is rigidly exact, while in 
the case of mercury it is only a close approximation. Thus 
Dulong and’Petit found that the boiling point of mercury was, 
as measureci by mer/!ur*y in a syphon . . 6*^0”. 

„ the air thermometer, . . . 

„ mercury in glass, (Mr. Crichton) 660^. 

A short table exhibiting the increasing rate of the expansions 
of mercury has already been given, but glass expands in a rado 
increasing still more rapidly than this metal ; so that the greater 
expansion of the merevry in the tliermometer at high tempera- 
tures, is f(ji(rtunately corrected by th« increasing capacity of 
the glass bulk. 

Fixed oils and spirits of wine do not deviate far from uni- 
formity in tlfeir exj^nsions, at least at low temperatures, and 
therefore are sometimes used as thermometric liquids. * 

Thermometers have beeu dqiused which indicate the highest 
and lowest temperature which has occurred between two observa- 
tions, or are self-registering. Six’s thermometer, which was 

invented by Dr.Ilu- 
tlierford is of this 
kind. This instru- 
ment consists, pro- 
perly speaking, of 
two thermometers, 
one a, of spirit of wine, and the other b of mercury^ which are 
placed in the position represerAed in the figure, their stems 
being in a horizontal direction. The thermometer b is intended 
to indicate the maximum temperature. It contains, in advance 
of the mercury, a short piece of iron wire, which the mercury 
carries forv’ard ^vith it in dilating, and which remains in its 
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advanced position, marking Ae highest temperature that has 
occurred, when the mercury; mthdraws. The minimum tempe- 
rature is indicated b^the S]|irit of wine fherraometcr a, winch 
contains, immersed ifthe sjprit, ai small Cylinder of ivory, wliicli 
by a %light inclinsition of ithe instrument falls to the surfiu^e of 
the liquid without being able to pass out of it. Whcr^ the ther- 
mometer sinks, the ivory is carried back in t^e spirit ; but when 
the temperature rises, the ajcohol only advances, leaviitg the^vory 
where it was. Its qxtremity most distant from* the bulb then 
indicates the lowest temperature to •which the thermometer liad 
been exposed.* Before another observation is made, thS ivory 
must be brought again to the surface of the alcohol, by a sliglit 
percussion of the instrument. 

Our notions of the range of temperature acquire all their 
precision from the use of the thermoihetpr, Cpjd, for instance 
is allowed a substantial existence as* well as heat, in popular 
language. What is cold ? it is the absence of heat, as dark- 
ness is the absence of light. The absence of heat, however, 
is never complete but only partial. Water, after it is frozen 
into ice, cold as it is in relation to our bodies, has not lost all 
its heat, for it is easy to cool a thermometer far below the tem- 
perature of ice, and ha^ it in such a condition that it shall 
acquire heat, and be expanded by contact with ice^thus proving 
that the ice contains heat. Spirits of wine have not been 
frozen at the lowest temperature that has Jiithertoflbeen attained ; 
but even then this liquid possesses heat, and there is no doubt 
that if a sufficiently large porti<)n of its heat were withdrawn it 
would freeze like other bodies. The following are interesting 
circumstances in the range*of.temperature : 


— 135 ° 

Fah 

fefreatest artificial cold. Thilorier. 

— 121 ° 


Solid compouftd of alcohol and carbonic acid 
meltsk • 

— 91 ° 

n 

Greatest artificial pold measured by Walkerf 

- 58 ’ 

99 

Temperature of planetary space. Fourier. 

— 60 ° 

• 

99 

Greatest natural cold observed by Ross. 

— 55 ° 

99 

Greatest natural cold observed by Parry. 

— 47 ° 

99 

Sulphuric ether congeals. 

— 39 ° 

' 99 

.Melting point of solid mercury.* 

_7o 

99 

A mixture of equal parts of alcohol and water- 
freezes. 
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+7" 

« 

A mixture of ojle part of alcohol and three parts 



of water ireesibi.^ 

+ 20O 

99 

Strong wine freezes. 

+32“ 

99 

Ice melts, s ^ 

+ 50” 

99 

Medium temperature of the surface of thaglobe. 

+ 52” 

99 

Mean tepipepature of England. 

+98° 

99 

Heat of the human blood. 

+ 150^ 

^ 99 

\Vood-spirit boils. . 

+ 174“ 

i. 

99 

A16ohol jboils. 

+212° 

99 

Water boils. 

+ 442° 

99 

Till toelts. 

4594°' 

< 

99 

Lead melts. 

+ 662o 

99 

Mercury boils. 

+ 980° 

« 

99 

Red heat. Daniell. 

+ 1141° 

99 ( 

Heat of a common fire. Do. 

+ 1869" 

99 

Brass melts. Do, 

+ 2233" 

99 

Silver melts. Do. 

+ 3479" 

99 

Iron melts. Do. 
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Eqiial buly:s of different substances, such as water and 
mercury, require the addition of different quantities of heat to 
produce the stole change in their temperature. This appears 
evident from a variety of circumstances. If two similar glass 
bulbs, like thermometers, one containing mercury and the other 
water, be immersed at the same time in a hot water-bath, it 
will be found that the mercury bulb is heated up to the tem- 
perature of the water-lftith in half the time that the water bulb 
requires ; and if the two bulbs, after having both attained the tem- 
perature of the water-bath, be removed from it ^and exposed to 
the air, the ihercury bulb will cool twice as rapidly as the other. 
Tliese efifects must arise from the mercury absorbing only half 
the quantity of heat which the water does in being heated up to 
the same degree in the water bath, and from having conse- 
quently only1half‘the quantity of heat to lose imthe subsequent 
cooling. Again, if we mix equal measures of water at 70® and 
130®, the temfierature of the whojp will be IdOO® ; or the hot 
* measure of water, in losing thirty degrees, elevates the tempera- 
ture of the cold measure by an equal amount. But if we 



SPECIFIC HEAT'. 


23 


substitute for the hot water in this experiment an equal measure 
of mercury at 130% on mixing with the measure of water at 70 ® 
the temperature of the whol| will not be TO0% but more nearly 
90®* Here the mercery is .cooled from - 130^ to 90®, or loses 
forty 4egrees of hoat; whiph have been transferred to the water, 
but which raise the temperature^ of fhe latter only tjventy df- 
grees, or from 70 ® to 90®. To heat the measure of water at 70 « 
to 1 00®, we must mix witji it two, or ti little more fliah two 
equal measures of mprcury at 130®^ alth(?ugh dlie measure of 
water at 130° would answer the purpose. If, therefore, two 
measures of mercury, by losing thirty de|rees of Jtem^etature, 
heat up only one measure of water by thirty# degrees, it follows ^ 
that hot mercury possesses only half the heat^of equally hot i 
water ; or that water requires double the quantity* of heat that 
is reqjiired by mercury, to raise it a eertein nunjber of degrees. 
This is expressed by saying that, water has twice the capacity 
for heat that mercury possesses. 

It is more convenient to express the capacities of different 
bodies for heat, with reference to equal weights than equal 
measures of the bodies. On accurate trial, it is found that a 
pound of water absorbs thirty times more heat than a pbund 
of mercury, in being heated the same number of degrees : the 
capacity of water for heat is, therefore, thirty timc^ greater than 
that of mercury. The capacities of these two bodies are in the 
relation of 1000 to 33; and it is convenient to express the 
capacities for heat of all bodies, in relation to that of watei 
as 1000. Such numbers are thp specific of bodies. 

The best method of determining the capacity for heat, con- 
sists in allowing different sultstances to cool the same numbei 
of degrees in circumstances which are eftctly similar; to inclose 
them, for instance, in a polished silver vessel, containing the 
bulb of a thermometer in its •centre, and to place this vessel 
under a bell-jar in which a vacuum is made. Th6 time which 
the different substances take to gool, enables us tef calculate 
the quantity of heat which they give out. By this exact method, 
Messieurs Dulong and Petit determined the capacity for heat of 
the following substances : * • 

specific heat. 

Water. . . • • .* 1000 

Sulphur 18H 

Glass . . . . ,117' 
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Iron . . . . 

Specific heat* 
. 110 

Copper * . . ' . 
Zinc . . , . f . 

• 95 

^ . 93 

Silver . ‘ ‘ 

. Q . 56 

Mercury ^ . - . * . 

‘Platinum .* J 

. 33 

. . 31 

l^ead • 

. 29 


The method of co51ing gives results so exacts as to allow the 
detection of an increase of capacity with the temperature. The 
capaci’Cy of iron, wheti* * * § tried hetwc^ 32^ and 212®, as was the 
cdse with alfthe bodies in the table, was 110 ; but 115 between 
32'' and 392®, and 126 between 32® and 662^ It hence fol- 
lows, that the capacity for heat, like dilatation, augments in 
proportion as ^the temperature is elevated. Dulong and, Petit 
likewise established a relatior^ bet^^een the capacity for heat of 
metallic bodies and the proportion by weight in which they 
combine with oxygen, or any other substance, which wiU again 
be adverted to. 

Of all liquid or solid bodies, water has much the greatest 
capacity for heat. Hence the sea, which covers so large a pro- 
portion of the globe, is a great magazine of heat, and has a 
beneficial ihijuence in equalizing atmospheric temperature. 
Mercury has a small specific heat, so that it is quickly heated 
or cooled, another property which recommends it as a liquid for 
the thermometer, imparting, as it does, great sensibility to the 
instrument. . . 

The determination of the specific heat of gases is a problem 
involved in the greatest practical, difficulties ; so that notwith- 
standing its having ocApied the attention of some of the ablest 
chemists, our knowledge on the subject is still of the most 
uncertain nature. It has been concluded by Delarive and 
Marcet,* an<t by Mr. Haycraft,t that, the specific heat of all 
gases is the same for equal volumes. But this opinion has been 
controverted by Dulong, t and by Dr. Apjohn;§ and most che- 
mists are now disposed to place* more reliance upon the old 
experiments of Delaroche and Berard than upon any others 

* Annales de Ch.tet de Th. t. 35, p. 5. and t. 41,p. 78, 

t Edinburgh Phil. Trans. 1824. " 

I Annales de Cli, et de Ph. t. 41, p. 113. 

§ Transactions of the Royal Irish Academy, 1837. 
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\^iich have been subsequently Jpublished.* Their method was 
to transmit known quantities m theb gases, heated to 212^ in an 
uniform current, through a | serpentine tMbe, surrounded by 
water, the temperature of ’^lich was observed, by a delicate 
thermfmeter at the begiipiing and end*of the process. Their 
results are as follows : 

Specific heat of gases referred to water. ' 


Water 

specific heat, 
same weight. 
1000 

Nift*ogen 

•spdbifft heat, 
same weight. 

275 

Air 

26Z. 

Nitrou^toxide 

£37 

Hydrogen 

3294 

Olefiant gas 

421. 

Carbonic acid 

221 

Carbonic oxide 

288 

Oxygen 

236 

Steam 

. 847 


It will be observed, that the capacity for heat of steam is less 
than that of an equal weight of water. Hence, tRe specific heat 
of a body may change with *its physical state. Delaroche and 
Berard likewise observed that the capacity of a gas is increased 
by> its rarefaction. When the volume of a gas is doubled, by 
witlidrawing half the pressure upon it, its specific heat is not 
quite so much as doubled. This is. the reason why a ga# be- 
comes cold in expanding. In the expanded state it requires 
more heat to sustain it at its former temperatyie, frctn the 
augmentation which has occurred in its capacity. Air expanded 
into double its volume is cooled 40 or 45 degrees^ and it has its 
temperature raised to that extent by compression into half its 
volume ; suddenly condensed to one-fifth of its volume by a 
piston in a small brass cylinder* so* much heat is evolved as to 
cause the ignition of a readily inflammable substance, such as 
tinder. 

COMMUNICATION OP .HEAT BY* CONDUCTION AND RADIATION. 

• 

I. Conduction. When one extigemity of a bar of iron* is 
plunged into a fire, the heat passes through the bar in a gradual 
manner, bfeing communicatedVrom particle to particle, and after 
passing through the whole lei%th of the bar, •may arrive at the 
other extremity. Heat, when conveyed in this way, is said to 
be conducted. 


* Annaics de Chimie, t. 75 ; or Annals of Philosophy, vol. ii. 
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In the case of solid substance] , the phenomenon of the con- 
duction of heat is so simplerand familiar, that little need be said 
on the subject. Different solid (mbstanc^s vary exceedingly 
from each other in their power to conduct heat. Dense or 
heavy substances are generally good conductors, while lig^t and 
porous bodies condv.ct heat imperfectly. Hence, the universal 
use of substances of the latter class for the purposes of clothing. 
Courft Rupoford onserx ed that the hi^er the fabric of woollen 
cloth is, the ihore iAiperfgctly does it cpnduct. The down of 
the eider-duck appears to tbe unrivalled in this respect. Bad 
conductors are also iSife most suitable for keephig bodies cool, 
protecting them frcjm the access of heat. Hence, to preserve ice 
in summer, we, wrap it in flannel. Among good conductors of 
heat, the mentals are the best. The relative conducting power 
of several bodj.es is expressed by the numbers in the follpwing 
table, from the experiments of Despretz. 


Gold 

1000 

. Tin 

303.9 

Silver 

973 

Lead 

J 79.() 

Copper 

898 

Marble 

23.f) 

Platinum 

381 

Porcelain 

14.2 

Iron 

374.3 

Clay 

11.4 

Zinc 

363 

0 



Glals is acfumperfect conductor, for we can fuse the point of 
a glass rod in a lamp, holding it within an inch of the extremity. 
On the contrafy, we find it difficult to heat any part of a thick 
metallic wire to redness in a lamp, owing to the rapidity with 
which the heat is carried av;^y ^y the contiguous parts. 

Certain vibrations were observed by Mr. Trevelyan to take 
place between metallic masses hjivkig different temperatures, 
occasioning particular%iounds, which appear to be connected 
with the conducting power of the metals.* Thus 
if a heated curved bar of brass ft, be laid upon 
a cold suppott of lead /, of which the surface is 
flat, as r^resented in the figure, the brass bar, 
while communicating its heat to the lead, is 
thrown into a state of vibration, "accompanied 
with a rocking motion and the |)Toduction of a musical note, 
like that of the glass harmonicon. The motion of the brass 
bar appears to® depend upon a certain repuli§ion existing be- 
tween h^ed surfaces, enhanced in this case by the low 

Phil. Mag:. 3d series, vol. iii, .121. 




CONDUCTION OF HEAT. 


27 


cRnducting power of the le^, which allows its surface to 
be strongly heated by the bi^Bs. Professor Forbes finds that 
the most intense vibrations aie produced between the best con- 
ductors and the worst conductors of heat, the latter being the 
cold hjdies.^ 

Our ordinary conceptions of tl^ actual temperature of differ- 
ent bodies, are much affected by the conducting powers of these 
bodies. If we apply the hand, at the samettime, to a ^®o(f ahd to 
a bad conductor, such^as a metal and piec% of wdod, which are 
exactly of the same temperature by# the thermometer, the good 
conductor wilt feel colder ort blotter than* the other, froln the 
greater rapidity with which* it conducts awy heat from, or 
communicates heat to our body, according as tjjie temperature 
of the metal and wood happens to be above or Ifelow that of 
the h^nd applied to them. 

The diffusion of heat through Ijquicte and gases is effected, in 
a great measure, by the motion of their particles among each 
other. When heat is applied to the lower part of a mass of 
li^id the heated portions become lighter than the rest, and 
ascend rapidly, conveying or carrying the heat through the 
mass of the fluid. In a glass flask, fipr instance, containing 
water, with which a smalj quantity of any light insoluble powder 
has been mixed, a circulation of the fluid 
may be observed upon the application of 
the flame of a lamp to th(?bottomof the 
vessel, the heated diquid rising in tlie 
centre pf tfie vessel^ and afterwards 
descending near its sides, as represented 
in«the annexed figure. But when heat 
is applied to thC^urface of a liquid, this 
circulation does not occur, and the heat 
is proj^agated very imperfectly down- 
wards. It has even been doubted whe- 
ther liquidu conduct heat dowhward^ at 
all, or indeed in any other way than by 
conveying it, as above described. It can 
be proved, however,* that lieat passes 
downwards in fluid mercury, and hence 
it is probable that all IBjuids possess a 
slight conducting power similar to that of solids. 

* Edin, Phil. Trans, vol. xii. 
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Let endless tube represented in 
the accbnjpanying figure be supposed 
to be ei]jj:irely filled with water, and 
the heat, of a fire be applied to the 
lo\^er portion of it at a, which is 
twisted into a spiral form, the water 
will immediately be set in motion, and 
made to circulate through the tube, 
from the expani^on and ascent of tlie 
pcjrtion in o, and the whole of the water 
in the tfll^e will be brought in succes- 
sion to the source of heat. The tube 
may be led into an apartment above 
and being twisted into another spiral at 
A, a quantity of the Iveat* of the circulating water will he dis- 
charged in proportion toHhe extent of surface of tube exposed. 
Water of a temperature considerably above 212” is made to 
circulate in this manner through a very strong drawn iron tulie 
of about one inch in diameter, for the purpose of heating houses 
and public buildings. A slight waste of the water is found to 
occur, so that it is necessary to introduce a small quantity every 
few wrecks by an opening and stopcoek c, in the uj)per part of 
the tube, lubes of larger calibre, with water circulating below 
the boiling point, are likewise much used for warming large 
bpildings. ^ > 

Air and gases ar6 very imperfect conductors. Heat appears 
to be propagated^, through tfient almost entirely by conveyance, 
the heated portions of air becoming lighter, and diffusing the 
heat through the mass in their asceift, as in the casQ of liquids. 
Hence, in heating an apartment by hot air, the hot air should 
always be introduced at the floor or lowest part. The advantage 
of double windows for warmth ‘depends, in a great measure, on 
the sheet of air confined between them, through which heat is 
very slowly transmitted. IiH the fur of animals and in clothing, 
a quantity of air is detained among the loose fibres, which mate- 
rially enhances their non-conducting property. In dry air, the 
human body canlresist a temperature of 250” without inconve- 
nience, provided it is nof brought into contact yrith good con- 
ductors at the same time. 

Radiaiio^ofheat. Heat is also emitted from the surface of 
bodies in the forpi of rays, which pass through a vacuum, air, 
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aftd certain other transparent imedia, with the velocity of light. 
It is nSt necessary that a hodybe heated to a visible redness to 
enable it to discharge heat inYhis manner. ^ Rays of heat, unac- 
companied by light, continueTO issue from a hot body through 
the w^ole process gof* its cooling, till it sinks to the actual tem- 
perature of the air or surrounding ifledium. ^ The circumstance 
that bodies suspended in a perfect vacuum cool rapidly ^ndconf- 
pletely, without the intervention of contjjuctfon, pl^es ihe fact 
of the dissipation of heat %y radiation, at low itemperatures, 
beyond a doubt. 

The most \Kiluable observ^ions which^we possess on this 
subject, were published by Sif John Leslie in his Essmy <fn Heat, 
in 1804. Leslie proved that the rate of cooling of a hot body 
is more influenced by the state of its surface thail by the nature 
of its subr,tance. He filled a bright Jin globe with hot water, 
and otiserved its rate of cooling in a ropxA of which the air was 
undisturbed. A thermometer placed in the water cooled half 
way, to the temperature of the apartment in 15G minutes. The 
ejJIJieriment was repeated, after covering the globe with a thin 
coating of lamp-black. The whole now cooled to the same 
extent as in the first experiment in 8 1 minutes ; the rapidity of 
cooling being nearly dcjubled, merely Tiy this change of sur- 
face. 

An experiment of Count Rumford is even more singular' 
Water, of the same temperature, w^as allowed ^o cool in two 
similar brass cylinders, one of which was^' covered by a tiglit 
investiture of linen, and the others left naked. The covered 
vessel cooled 10® in 36^ minutes,* while thef naked vessel re- 
qujfed 55 minutes ; or tbe.covering of linen, like the coating of 
lamp-black greatly expedited the cooling, instead of retarding 
the escape of fiejft, as might have been expected. .The cooling 
was accelerated in the same inanner, when the cylinder was 
coated with black or wh^te paint, or smoked by a qandle. 

In determining the radiating power of different, sutfages, 
Leslie generally made use of squa?e tin cailisters, of which the 
surfaces were variously coated, and which he filled with hot 
w ater. Instead of watching the rate of cooling, as in the expe- 
riments already mentioned, he presented the side of a canister, 
having its surface in any particular conditioi^, to a concave 
metallic mirror* which concentrated the heat falling upon it 
into a focus, where the bulb of an air-thermometef^as placed* 
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to receive it, as represented rthe annexed figure. The diffe- 
rential thermometer answered admirably for this purpbse, as 
from its con- 
struction it is un- 
affected by the 
temperature of 
the room, while 
the ** slightest 
change in* the 
temperature of 
the focal spot is 
immediately in- 
dicated by it. 

Two meti^llil; mirrors were occasionally used in conducting 
these experiments. The jnirrors being arranged so as to^stand 
exactly oppo^te 
to each other, 
with their prin- 
cipal axes in the 
same line ; when 
a lighted lamp or 
hot canister is 
placed in the^ fo- 
cus of one mir- 
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ror, the incident rays arS reflected by that mirror against the 
otJier, and collected in its focus. 

The following table exlirbits the relative radiating power of 
various substanccrs, with wfiich'^ the surface of the canister was 
coated, as indicated by the effect upi^n the differential thermo- 
meter : 

Lamp bla^jk . .100 Taniished lead . . 45 

Water by estimate . 100+ , Clean lead . . .19 

Writing-pqper . 98 Iron, j»olished . . J5 

gealing-wax . 95 Tin plate, gold, silver, 

Crown glass , • d(f copper . . . 12 

Plumbago . . 75 ’ • 

It thus appears ^that lamp blacktradiates five times more of the 
heat of boiling water than clean lead, and eight times more than 
bright tin. Tl^e metals have the lowest radiating power, which 
arises from their brightness and smoothness. If allowed to 
' tarnish, ffSir radiating power is greatly increased. Thus the 
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radiating power of lead with its surface tarnished is 45, and with 
its surffece bright, only 19; bi^glass and porcelain radiate most 
powerfully although their sumce is s*mooth. When the actual 
radiating surface is metallic, *it is not affected in a sensible 
manne^ by the substance under it. Thus, glass covered with 
gold leaf possesses the radfating power of a bright metal. 

It appears, from the recent ex5>eriments *of Dr. Baiehe, that 
the radiating power of any surface is not affeeted by ii% ^cqlmr^ 
at least in an appreciablH degree. Hence, iio paitJlular colour 
of clothes can be recoiftmended for lAiperior warmth in winter. 
But the absorbjent power of Jmdies for t]^ heat of the sijn de- 
pends entirely upon their colour.^ , 

The faculty which different surfaces possess^of absorbing or of 
reflecting heat radiated against them, is conne(?te(J with their 
own radiating flower. Those surfaces which radiate heat freely, 
such jffe lamp-black, glass, &c., also absorb a laf^e proportion 
of the heat falling upon then!, andT reflect little of it ; while sur- 
faces which have a feeble railiating and absorbing faculty, such 
asdthe bright metals, reflect a large proportion, as they absorb 
little, and form the most powerful reflectors. So that the good 
hbsorbents are found at the top, and the good reflectors at the 
bottom of the preceding tabic. The efficiency of a reflector 
depending upon its low misorbing power, reflectors of glares are 
totally useless in conducting experiments upon radiant heat. 
Metallic reflectors remain cold, althoii§:h they coUpct much heat 
in their foci. 

These laws of the radiation of heai admit of some practical 
applications. If we wish to retard,* as much •as possible, the 
coohng of a hot fluid or other substance, in what sort of vessel 
should we inclose it ? In a nietallic vessel, of which the surface 
is not dull and so»ty, but clean and highly polished; for it has 
been observed that hot water cqpls twice as fast in a tin globe 
of which the surface is- covered with a thin coat\pg of lamp- 
black, as in the same globe when the surface is bright apd 
clean. Hence, the advantage of bright metallic covers at table, 
and the superiority of metaUio tea-pots over* those of porcelain 
and stoneware. 


• Journal of the Franklin Institute, May and November 1835, 
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TRANSMISSION OF HEAT THROUGH MEDIA, AND THE EFFECT feF 

SCRB^J^S. 

It has been shewh by D along Petit that hot bodies ra- 

diate equally in all |;ases, or e:^ractly as they radiate in a 
vacuum. Hot bodies certainly cool more r£^idly in son? j gases 
^han in qthers^ but^this is owing to the mobility and conducting 
powers of the gascgi fieing different. 

Light ef e\rery cotour, and froi^i qjrery source, is equally 
transmitted by all transparent bodies in tjie liquid or solid form, 
but this is not the case witli heat. The heat of the sun passes 
through an^ transparent body without loss, but of heat from 
terrestrial sources^ a certain variable proportion only is allowed 
to pass, which increases as the temperature of the radiant body 
is elevated. * Thus, it was observed by Delaroche that, from a 
body heated to 182o, pnly l-40th of all the heat emitted »passed 
through a glass screen." from a body at 346°, i-ifith of the 
whole; and from a body at 960®, so large a proportion as l-4th 
appeared to pass through the screen. M. Melloni has, within 
the last few years, greatly extended our knowledge respecting 
the transmission of heat through media, in a series of the most 
profound researches.* < In his experiments, he made use of the 
thermo-electric pile to detect changes 6f temperature, an instru- 
ment which ki his hands exhibited a sensibility to the impres- 
sions of heat vastly gr|^ter than that of the most delicate 
mqrcurial, or %ir thermometer. 

His instrument,' or the thermo-multiplier, (see the annexed 
figure) consists o/ an arrangement of thirty pairs of bismuth and 



* The complete series of Melloni's Memoirs given in Mr. R. Taylor’s Scientific 
Memoirs, iRos. 1 and 3. 
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antimpny bars contained in ^rass cylinder, and having the 
wires from its poles connoted ^iih an extremely delicate 
magnetic galvanometer, n, I The extremities of the bars at b 
being exposed to any source«of radiant heat, such as the copper 
cylin(fcr d, heated by the iamp /, while the temperature of the 
otlier extremities of the bars att? is not qhSnged, a current of 
electricity passes through the wires from the poles of pile, 
and causes the magnetic needle of the gaWanoin^ter to deflect. 
The quantity of electaicity circulating^increases in proportion to 
the difference of the temperatures of the t^o ends, b and f, that 
is in proportion to the quantity of heat falling upoii b ;«and the 
effect of this current of electricity upon the needle, or tlie 
deviation produced, is proportional to the quantitJy pf electricity 
circulating, and consequently to the heat itself, — at least Melloni 
finds cthis correspondence to be exact tlirough the whole arc, 
from zero to 20<^, when the needle? is truly astatic. 

Melloni proved that heat, which has passed through one plate 
^ ofj^lass, becomes less subject to absorption in passing- through 
a second. Thus, of 1000 rays of heat from an oil flame, 451 
rays being intercepted in passing through four plates of glass of 
equal thickness — • 

381 rays were intercepted by the first plate. 


43 

39 

39 

by-the seconc^j 

18 

39 

39 

by the third. 

9 

451 

39 

39 

bsy the fourth. 


The rays appear, to lose considerably when they enter the 
first layers of a transparent medium ; but that portion of heat, 
which has forced its passage through the first layers, may pe- 
netiate to a great depth.* Transparent liquids are foujid to ^e 
less penetrable to radiant heat than solids. 

The capacity which bodies ppssess of transmitting heat does 
not depend upon their transparency ; or bodies are not at all 
transparent to heat in the same proportion that* they are trans- 
parent to light. Thus, plates of the following transparent 
minerals, having •a common thickness of 0.1031 of an inch, 
allowed very different proportions of the heat from tftHlame of 
an Argand oil-lamp to pass through them. 
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Of 100 incident rays^ there wei;c transmitted : — ^ 


By Rock-salt ^ 

. 92 

rays 

„ Mirror glass .... 

. 62 


„ Rock-crystal c . 

. 62 

?? 

„ Iceland spar . r . . . 

*. 62 


„ Rock-crystal, smoky^^^and brown 

. 57 


^ Carl )oi iatc. of lead 

. 

9} 

„ K?ulp!iate of barytes . , 

. 33 

99 

,, Eincrald . . . . .c 

. 29 

99 

Gypsum • . 

. 20 

99 

Flie^or spar . . * 

. 15 

99 

„ Citric acfd .... 

. 15 

99 

„ Rqchelle salt .... 

. 12 

99 

„ Alum 

. 12 

99 

„ Sulpiiate of copper • 

. 0 

9* 


I « 

A piece of smoky rock-cryKStal, soobrownthat the traces of letters 
on a printed page covered by it, could not be seen, and which was 
fifty-eight titnes thicker than a transparent plate of alum, trans- 
mitted 19 rays, while the alum transmitted only 6. One sub- 
stance which is perfectly opaque, a kind of glass used for the 
polarization of light, was found by Mehoni to allow a conside- 
rable quantity of" rays of heat to pass through it. He applies 
the term diaihermmious to bodies which transmit heat, as dia- 
phanous is applied to bodies which transmit light. Of all 
diaphanous or transparent bodies, water is in the least degree 
diathermanous. With the Exception of the opaque glass referred 
to above, all diathermanous bodies belong also to the class of 
diaphanous bodies ; for those kinds of metal, wood and marble 
which totally obstruct the passage* of light, obstruct that of heat 
also. 

The proportion of heat from •various sources which radiates 
through a plate of glass, l-.50th of iy:i*inch in thickness, jvas 
observed by Melloni to be as follows: 


Of 100 rays from the flame 
of an oil-lamp there were . ^ 

„ „ red hot platinum, 

„ „ blackened copper, 

heated to 732® F« 

„ ^ blackened copper 

heated to 212® . 


1)4 transmitted, 46 absorbed. 


37 

99 

63 

99 

12 

99 ^ 

88 

99 

0 

99 

100 

99 
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Bui the power of transMssion^ in the case of rock-salt, is 
the same for heat from ajf tJiese sources, or for heat of all 
intensities ; 92 per cent of me incident heat being transmitted 
l)y that body, wh|;ther it be* the heat' fladiated from tlic hand 
or fr^ a bright Argand-Iamp. Rbck-salt ^tands alone in this 
respect among diathermanous bodies. Vhis substaifee may T)e 
cut into lenses or prisms, and be useci in* concen^ating heat 
of the very lowest intensfty, or in decomposing it by double 
refraction, in the sam*e manner as gJ^Sss is employed in the case 
of the light gf the sun. rock^iialt has become quite 

invaluable in researches upon the transmissiqp of Mbat.* 

It thus appears that a body at different temperatures emits 
different species of rays of heat, which may be sifted or separated 
from each other by passing them through certain transparent 
medii. They are all emitted simultaneously, and in different 
proportions by flame; bul^ in heat from sources of lower 
intensity, some of them are always absent. The calorific rays 
oiithe sun are chiefly of the kind which passes through glass ; 
but Melloni shows that the other species are not altogether 
wanting. The rays of heat emitted by the sun and other 
luminous bodies are quitp different rays from the rays of light 
with which they are accompanied, * * 

Of the Equilibrium of Temperature, When several l^odies 
of various temperatures, some cold and some liot are placed 
near each other, their temperatures gradually approximate, 
and, after a certain period has elaps&d, they are found all to be 
of one and the same temperature, ^o account for the j)roduc- 
tion and continuation of tljis equilibrium of temperature, it is 
necessary to assume, that all* bodies are at all times radiating 
heat in great abundance in all directions, although their 
temperature does not exceed or «ven falls below the temperature 
of the atmosphere. Hence, there is an incessant* interchange 
of fieat between neighbouring bodies ; and a general equalisation 
of temperature is produced, when every object receives as much 
radiated he^t as it emits. • 

This theory, which was firsUproposed by Prgvost of Geneva, 
enables us to account for the apparent radiation of cold. Cold, 
we know, is a negative quality, being merely the absence of heat, 
and cannot therefore be radiated. Yet, when we place a lump 
of ice in the focus of a reflecting mirror, a thermometer in 
the focus of the opposite conjugate mirroi^. is chilled. To 
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account for this phenomenon we must remember that the 
temperature of the thertnometer ii^*stationary, only so long as 
it receives as much heat as it r^iates. It is in that state 
before the ex])eriment fe made witli the ice ; /or the air or any 
object which may happen to be in the other focus is of the same 
temperature as the baU of the ‘'thermometer. But it is evident 
that tJie mpment idfe is, introduced into one focus, fess heat will 
be sent from that to the other focus, ‘ than was previously trans- 
mitted, and than is necessary to sustaiii the thermometer at 
a con?,tant temperature. The .thermometer ball, therefore, 
giving oilit as<-^mucl^ heat as formerly and receiving less in return, 

‘ must fall in temperature. This is an experiment in which the 
thermometer ball is in fact, the hot body. 

^ The doctrine of the radiation of heat was very happily applied 
to account for the depdsition of Dew. A considerable refrigera- 
tion of the surface of the ground below the temperature of the 
air resting upon it, amounting to 10 or 20 degrees, occurs 
every calm and clear night, and is caused by the radiation j)f 
heat from the earth (which is a good radiator) into empty space. 
Now on becoming colder than tlie air above it, the ground will 
condense tfie moisture of the air m contact with' it, and be 
covered with de‘w. For the air, however clear, is never 
destitute of watery vapour, and the quantity of vapour which 
air can retain ^depends upon its temperature, air at 32^, for in- 
stance, being capably of retaining l-150th of its volume of vapour 
w^liile at 52* it can retain se* much as l-86th of its volume. The 
greatest dilFereiu^fe between £he liempcrature of tlie day and niglit 
in this country takes place in spring and autumn, and these are 
the seasons in which the most abundant dews are deposited. 

That the deposition of dew depends entirely upon radiation is 
fully established by the following circumstances ; 1«. It is on 
clear and calm nights only that dew is observed to fall. When 
ijjhe sky is overcast with clouds, no dew falls ; for then the heat 
which radiates from the earth is returned by the clouds above, 
and prevented from escaping into space ; so that the ground 
never becomes cplder than the dair. 2o, The slightest screen, 
such^as a thin cambric handkerchief, stretched between pins, at 
the height of ?*everal inches above the ground, is sufficient to 
protect the objects below it from this {Shilling Effect of radiation, 
and to prevent the .formation of dew or of hoar-frost upon 
them. This fact ^as well known to gar^bners, and they had long 
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Availed themselves of it in protecting their tender plants from 
frost,* before the laws of tlje radiation of heat came to be 
explained. 3^. Dr. Wells proved by numerous experiments 
that the quantity of dew which condenses on different objects 
expoii^d in the tsame circumstances, ^s proportional to the 
radiating power of those substances. Thijs, when a polished 
plate of metal and a quantity of wool artf exposed together hi 
favoural)le circumstances,^ scarcely a Irace of de\\; i« to be 
observed on the metal, •ivhile a large qflantity* condenses in 
the w^ool, the latter substance b^ng incomparably the best 
radiator, and • therefore falling to a mu<!h lower temperature 
than the metal. 

The same theory has been applied to explain a process for 
making ice followed by the native Indians near Calcutta. In that 
climate the temperature of the air rarely falls below 40® in the 
coldest nights ; but the sky^is cl^ar, stna a powerful radiation 
takes place from the surface of the ground. Hence, water con- 
tained in shallow pans imbedded in straw, is often sheeted over 
wtfch ice l)y a night’s exposure. The water is certainly cooled 
by radiation from its surface, and not by evaporation ; for the 
process succeeds best wh^n the pans^are placed ^in shallow 
trenches dug in the grougid, an arrangement which retards eva- 
poration ; and no ice forms in windy weather, when evapdtatiou 
is greatest. 

The morning frosts of autumn are first felt tn sequestered 
situations, as in ravines closed on all sidas, or along the loV 
courses of rivers, where the co^lin^ of the earth^s surface by 
radiation is in the least degree checked by the movement of the 
air over it. These are also, the very situations upon which the 
sun’s rays produce the greates*t effect in summer. 

Reverting agaid to the subject of the conduction of heat 
through solid bodies, it may •now be stated, that there is 
every reason to believe’ ^at. heat is propagated, even in that 
case, in a manner not unlike radiation. Heat, in it^passag^ 
through a bar of iron, is probably radiated from particle to par-’ 
tide ; for the material atoms, &f which the bar consists, are not 
supposed to be in absolute cotitact, although, held near each 
other by a strong attraction. Radiation, as observed in aiif or a 
vacuum, may thus p^^s,mto conduction in the ease of solids, 
without any breach of continuity in the natural law to which 
lieat in motion is. ^iibjec^. Baron Fourier proceeds upon such 
an hypothesis in his timthematical investigation of the law of 
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cooling by conduction ifi solid bodies, and obtains expressions 
which agree with his experimentaVresults. 

We are now in a condition to invert with advantage to the 
equilibrium of the temperature of the earth. There can be no 
doubt of the existence, ‘ in this glolJe of ours, c of a centra) heat. 
At a depth under the surfade of the earth, not in general ex- 
ceeding fifteen yards,' the thermometer is perfectly stationary, 
not boii>g affected by the change of the seasons ; but at greater 
depths, the t<&mpera<iure progressively rises. M. Cordier, to 
whom we are indebted for*^?^ most profound investigation of this 
interesting subject, considers the; Awo following conclusions to 
be* estabKshod by all the observations on temperature which 
^ have been made at considerable depths. 1st. That below the 
stratum where the annual variations of the solar heat cease to 
be sensible, a notable inci;ease of temperature takes place as we 
descend into the interior, of the earth. 2ndly. That a certain 
irregularity must be admitted in the distribution of the subter- 
raneous heat, which occasions the progressive increase of tem- 
perature to vary at different places. Fifteen yards has been 
provisionally^assumed as the average depth which corresponds to 
an increase of one degree Fahrenheit. , This is about 116 degrees 
for each mile. Admitting this rate o^ increase, we have at a 
depth%)f 30i miles below the surface, a temperature of 3500^, 
which would melt cast iron, and which is amply sufficient to 
melt the lavas,ibasalts, and other rocks, which have actually been 
^ erupted from below^in a. fluid state. But this central heat has 
long ceased to affect the suHace of the earth. Fourier demon- 
strates, from the laws of conduction, that although the crust of 
the globe were of cast iron, heat woi^id require myriads of years 
to be transmitted to the surface,' from a depth of 150 miles. 
But the crust of the globe is actually composed of materials 
greatly inferior to cast iron in conducting power. The tempe- 
rature of the^surface of the globe now depends upon the amount 
Tiifhich it receives from the sun, compared with the heat 
radiated aw^y from its surface into free space. There is reason 
to believe that no material change? has occurred in the quantity 
of heat received from the sun dunng the historical epoch. The 
radiation from the surface of the earth has its limit in the tem- 
perature of thej>laneta^jpace in which it moves, which Fourier 
deduces, from calculation to be — 58”, and which Schwanberg, 
from a dSIculation on totally different principles, estimates at 
— 58”.6, a very^- close coincidence, ^is low temperature 
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appears to be attained in the Ipng absence of the sun during a 
p(ilarnvinter, as Captain^ Pary found the thermometer to M as 
low as — 55'’ at Melville IsMd, and Ross^ more lately observed 
a temperature so low as — 60«. 

FLUIDITY AS AN EFBECT OF HEAT. 

• • 

We have already adverted to one of* the generat cftects*of 
heat upon bodies, namely, ^its power of ^au^ng theip t® epxpand 
which demanded our earliest attention, as It mvo^ves the princi- 
ple of the thermometer. But heat,* besides effecting changes in 
the bulk, is capable of effecring changes*fti the state of ^^odies. 
Matter is presented to us in three very ^issinftlar*statesf or 
forms, namely, in the solid, liquid, and gaseous forms. It is 
believed that no body is restricted to any one of these forms, 
but that the state of bodies depends* entirely upon the tempe- 
rature in which they are pjaced* Ii> tbe lowest temperatures, 
they are all solid, in higher, temperatures they are converted 
into liquids, and in the highest of all they become elastic gases. 
Tlie particular temperatures at which bodies undergo these 
changes are exceedingly various, but they are always constant 
for the same body. The first effect thqj:i of heat on the state of 
bodies is the conversioii of solids into liquids ; or heat is the 
cause of fluidity. 

Some substances, in liquefying, pass through an intermediate 
condition, in which it is diflicult to say whether 4ihey are liquids 
or solids. Thus tallow, wax, and several other bodies, plhss, 
through every possible degree^ of ^'Softness before they attain 
complete fluidity. Such bodies, however, are in general mix- 
tures of two or more substances, which crystallize imperfectly. 
But ice, and the great majority of bodies, pass immediately from 
the solid into tfie liquid state. The temperatures at which 
bodies undergo this change arc? exceedingly various: 


Lead 

melts at * 

6T2« 

Olive oil melts at 

.3(>‘ 

Bismuth 


47fl 

Ice „• 

.32 

Tin 

• 

442 

Milk 

30 

Sulphur • 


235 

Wines ,, 

20 

Wax 

3 ? 

14^ 

Oil of turpi?ntine ,, 

J4 

Spermaceti 

33 

112 

Mercury „ 

—39 

Phosphorus 


108, 

ammuyna ,, 

Etner „ 

—46 

Tallow 

33 

92 

—46 

Oil of Anise 

^4 

50 
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If the bodies are in the fluid /orm, they freeze upon being 
cooled below the temperatures se^vUgaipst them. 

It may be added, ip reference this table, first, that in cer- 
tain circumstances, liquids can be cooled down several degrees 
below their usual free 2 fing point before they o begin to cqngeal. 
Thus we may succeed, by taliing certain precautions, in cooling 
a*small qiiantity of water, in a glass tube, so low as the tempe- 
rature 8?, or even a^ 5", without its freezing ; that is, 24 or 27 
degrees underwits proper freezing point 32”. The water must 
be cooled without the sliglft^st agitation, ^fhd no sand or angular 
body be in contact w\th it; for .the instant any solid body is 
dropped 4nta water cooled below its freezing point, or a tremor 
* is communicated to it, congelation commences, and the tempera- 
ture of the liqiiid starts up to 32o. But, on the other hand, 
we cannot heat a solid t^e smallest fraction of a degree above 
its proper melting p6iqt, mthout occasioning liquefaction. 
Hence it is not the freezing of water, but the melting of ice, 
which takes place with rigorous constancy at 32” Fahrenheit. 

All salts dissolved in w’ater have the effect of lowering the 
freezing temperature of that liquid. Common culinary salt 
appears to depress this point lower than any other saline body ; 
and the effect appears to be very clqsely proportional to the 
quantify of salt in solution. A solution of 1 part of salt in 4 
of water freezes at 4”, and sea water, which contains l-30th of 
its weight of s^lt, freezes at 28”. 

But the principal (act to be adverted to in liquefaction, is the 
disappearance of a large quantity of heat during the change. 
Heat pours into a* body during its melting, without raising its 
temperature in the most minute degree. This heat, which 
enters the body and becomes insensible or latent, merely 
serves to melt the body. We are indebted tp Dr. Black for this 
observation, which involves consequences of greater importance 
than any othqr announcement in the theory of heat. 

!Qefore J)r. Black’s views were made known, fluidity was uni- 
versally co^^sidered as produced by a very small addition to the 
quantity of heat which a body con'tains, when it is OEce heated 
up to its melting point ; that a s«lid body, when it is changed 
into a fluid, receives no greater addition to the heat within it 
than is indicated and measured by the elevation of the mercury 
in the thermometer. ButlOr. Black objected to this opinion, 
iis inconsTstent with many remarkable facts, when considered 
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properly. If we attend^ for instance, td the manner in which 
ice anfl snow melt, when ex^sed to the air of a warm room^ 
we can perceive, that however cold they anay be at first, they 
are soon heated up to their melting point, and begin at their 
surfac^to be changed info^ water. Now If the complete change 
of these bodies into water required* only thg farther addition of 
a very small quantity of heat, a mass of them, though* of consi- 
derable size, ought all to be melted in#a flw minqtei w se- 
conds more, the heat continuing to be corhraunidbted from the 
air around. But masses of ice and are well knovm to melt 
with extreme slowness, especially if they%e of a large size, as 
are those collections of ice and wrea&s of snojv, thfift arS formed 
in some places during winter. These, after they begin to melt, 
often require many weeks of warm weather, before they are 
totally dissolved into water. The slpw manner in which ice 
melts *n ice houses is also familiarjy kijo^i to all. 

By examining what happens in these cases, it may easily be 
perceived that a very great quantity of heat must enter the 
“melting ice, to form the water into which it is changed, and that 
the length of time necessary for the collection of w much heat 
from surrounding bodies, is the reason of the slowness with 
which the ice is liquefiecj. When melting ice is suspended in 
warm air, the entrance of heat into it is mdde sensiblS by a 
stream of cold air descending constantly from the ice, which may 
be perceived by the hand. It is, therefore, evident that the 
melting ice receives heat very fast, but th^ only effect of this 
heat is to change it into water, \^iich*is not in the least sensibly 
warmer than the ice was before. A thermometer applied to the 
drops or small streams of water as they come immediately from 
the melting ice, will point to *the same degree as when applied 
to the ice itself. A great quantity of the heat, therefore, which 
enters into the melting ice, has no other eflFect than that of 
giving it fluidity. The hqpt appears to be absorbed or concealed 
within the water, and cannot be detected by the thermometerr 

When ice is melted by means of warm water, this absorption 
of heat is made exceedingly obvious. Thus on mixing a pound 
of water at 172^^ with a pound of snow at 822, the snow is all 
melted, and the mixture is two pounds of water of the tempera- 
ture of 32^ In being cooled down from 172<5 to 32", the hot 
water loses 140 degrees of heat, which convert snow into 
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water, indeed, but produce no rise of temperature in the mix- 
ture above the 32 degrees 9riginaHY possessed by the snow. 

Dr. Black proved d:hat the heat\Which disappears in this man- 
ner is not extinguished or destroyed, but remains latent in the 
water so long as it is fliiid, and is extric&ted again when it feezes. 

In water that has. been CGoJ^ed below its usual freezing point, 
when the^* congelatiorf is once determined, quantities of icy spi- 
culm'^are produced inc proportion to the depression of tempe- 
rature, whilst'at the* same instant the temperature of ice and 
water starts^ up to 32°. ^Uhe heat which thus appears was pre- 
viously latent in that^ortion of water which is frozen. The 
stoe diSengSgeme^t of lat|nt heat may be conveniently illus- 
trated by means of a supersaturated solution of sulphate of soda, 
formed by dissolving, at a high temperature, three pounds of the 
salt in two pounds of water. When this liquid is allowed to 
cool undisturbed and with a .few drops of oil on its surface, it 
remains fluid, although containing a much greater quantity of 
salt in solution than the water could dissolve at the temperature 
to which it has fallen. But the suspended congelation of tiie 
salt being determined by the introducion of any solid substance 
into the solution, the temperature then often rises 30 and even 
40 degrees, while crystals of sulphate of soda shoot rapidly 
through the liquid. 

Wax, tallow, sulphur and all other solid bodies are melted 
in the same manner as water, by the assumption of a certain 
dose of heat. Thedatent heat which the following substances 
possess in the fluid form ^as, ^.with the exception of water, de- 
termined by Dr. Irvine. 


* Latent heat. 


Water 


. .* 140 degrees 

Sulphur . 


145 •„ 

Lead 


. . . 162 „ 

Bees* wax 


• • ^75 „ 

Zinc 


. 49.'! „ 

Tin . 


'. . 500 „ 

Bismuth . 


i 550 „ 


Even in the solid form jRaiif bodies admit of a variation in 
their structure and pro^^ies from the assumption or loss of 
latent heat. Br. Blaclc made it appear probable that metals 
owe their ©'•Ueability and ductility to a quantity of latent heat 
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combined with them. When hammered they become hot from 
the dii^ngagement of this heat, and^at the same time become 
brittle. Their malleability isf restored by heating them again in 
a furnace. Sugar, it is well known, may exist as a transparent 
and cqj^urless body, witlf the physical pibperties of glass, or as 
a white and opaque, because a granular qf crystalline mass. 
The transition from the glassy to the grarrtilar state is^attendecl 
l)y a very remarkable evolution of heat,#vhich appe|fs«to*have 
escaped the notice of scientific men. If melted sugar be allowed 
to cool to about 100*^, and then, white it is still soft and viscid, 
be rapidly and frequently extended and dbubled up, till at last 
it consists of threads, the temperati^e of the jnass quickly rises 
so as to become insupportable to the hand. Applying the 
thermometer, I found the temperature of a considerable mass 
to rise from 105® to 175® in less than Jwo minutes. After this 
liberafion of heat, the sugar on agjyn coyolmg is no longer a glass, 
but consists of minute graing, and has a pearly lustre. The 
same change may occur in a gradual manner, as when a clear 
Stick of barley-sugar becomes white and opaque in the atmo- 
sphere I but then we have no means of observing tiie escape of 
the latent heat on which the change depends. It may be in- 
ferred that glass itself, Jike transparent barley-sugar, owes its 
peculiar constitution and properties to the pertnaneiit retfintion 
of a certain quantity of latent heat. Of this heat glass can be 
deprived, by keeping it long in a soft state ; it d:hen becomes 
granular, and passing into the condition of Reaumur's porcelaSi, 
loses all the characters of glass. ^ *• 

It is not unlikely that the dimorphism of a*body, or its pro- 
perty to assume two difFefent crystalline forms, may likewise 
depend upon the retention of* a certain quantity of latent heat 
by the body in thfi one form and not in the other. Tlius sulphur 
assumes two forms, one on cooling from a state of fusion by 
heat, another in crystJilljzing at a lower temperature, and pro- 
bably with the retention of less latent heat, from a solution^ of 
sulphuret of carbon ; in charcoal and plumbago, again, we have 
carbon which has assumed thb soM form at a high temperature, 
and possibly witli the fixation«of Smantity of Jatent heat which 
does not exist in the diamond, anotibr form of the same body. 

When a solid^ body is melted by the intervention of some 
affinity, without heat being applied to it, cold is^nerally pro-^ 
duced. Thus most salts occasion a reduction of temperature. 
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in the act of dissolving in water, which requires them to becoftic 
fluid. Nitre, for instance^ cook the water in which if is dis- 
solved 16 or 18 deguees. A mixVure of five parts of sal ammo- 
niac and five of nitre, both finely powdered, dissolved in nine- 
teen parts of water, m&y reduce its^ terflperatwre from 50“^ito 10“, 
or considerably bclpw the freezing point of pure water. These 
salts are hecessitated; by their affinity for water, to dissolve when 
mixeii witji it and ‘to become fluid, a change whicli implies the 
assumption of latent heat. Most of our artificial processes for 
producing apld are founded upon this disappearance of heat 
during liquefaction. ‘A very convenient process for freezing a 
little wa*cer, •tvithoijt the u^*of ice, is to drench finely powdered 
sulphate of soda with the undiluted hydrochloric acid of the 
shops. The salt dissolves to a greater extent in this acid than 
in water, and the tempexiature may sink from 50® to ^ Tlie 
vessel in which the mixture i^ made becomes covered with hoar 
frost, and water in a tube immeri^ed in the mixture is speedily 
frozen. 

The same affinity between salts and water may be taken afi-'^ 
vantage of ta cause the liquefaction of ice, as when common salt 
‘ is strewed upon pavempts covered with ice, to melt it. On 
mixing snow with a third of its w^eight of salt, the snow is 
melted, and the temperature sinks nearly to 0®. It was in this 
way that Fahrenheit is supposed to have obtained the zero of 
his scale. Ic®s for the table are always made in summer by 
mixing roughly pouuded ice and salt together, and immersing 
the cream, or other liquid to J?e frozen, contained in a thin 
metallic pan, in tlie cold brine which is produced by the melting 
of the ice. 

The liquefaction of snow by means of the salt, chloride of 
calcium, occasions a still greater degree of eold. To prepare 
tliis salt, marble or chalk is dissolved in hydrochloric acid, and 
the solution e^raporated by a temperatjirfe not exceeding 300 \ 
It should ie stirred, as it becomes dry at this temperature ; and 
is obtained in a crystalline powder, being the combination of 
chloride of calcium with two atoms’^ water. When three parts 
of this salt are m^xed with two ofi|3ry snow, the temperature is 
reduced from 32° to — 50^. In Attempting to freeze mercury 
by means of thi^ mixture, it is' advisable to rnake use of not 
less than three or four pounds of the materials. When the 
materials ^e^Sivided, and the mercury is first cooled consider- 
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ab!y bji one portion, it rarely foils in being frozen when trans- 
ferred into another portion of 'the mixture. For producing still 
more intense degrees of cold, Hhe evaporation of highly volatile 
liquids, of fluid carbonic acid, for instance, affords the most 
efficieiH^ means. 


VAPORIZATION. 

We have now to coiasider the secopd general effect of heat : 
vaporization, or the conversion of solWs and liquids %to vapour. 
Vapours, of which steam is ^he most .familiar to us, are^ight, 
expansible, and generally invisible J^ses, resembling air coifl- 
pletely in their mechanical properties, while t^ey exist, but 
subject to be condensed into liquids or solids by cdld. Water 
under^es a great expansion when converted into steam, a cubic 
inch of water becoming, in ordinary ciil^umstances, a cubic foot 
of steam ; or more strictly, one cubic inch of water, vrhen con- 
^^erted into steam, expands into 1694 cubic inches. 

This change, like fluidity, is produced by the addition of heat 
to the body which undergoes it. But a much lai^ger quantity 
of heat enters into vapours than into liquids, into steam than 
into water. If over a steady fire a certain quantity of ice-cold 
water requires one hour to bring it to the boiling point, it will 
require a continuance of the same heat for five hours more to 
boil it off* entirely. Yet liquids do not become hdtter after they 
begin to boil, however long, or with whatever violence, the bon- 
ing is continued : for if a thermometer be plqnged into water, 
and the point marked where it stands at the beginning of the 
boiling, it will be found to "rise no higher, although the boiling 
be continued for a long time. 

This fact is of importance in domestic economy, particularly 
in cookery ; and attention to it would save much fuel. Soup, &c. 
made to boil in a gentle nvay, by the application of a moderate 
heat, are just as hot as when they ^ire made to boil on*a stretug 
fire with the greatest violen^e^; when water in a b#iler is once 
brought to the boiling point, the fire may be reduced, as having 
no farther effect in raising its temperature, and a moderate heat 
being sufficient to preserve it. 

The steam fk)m boiling water, when examined by the 
thermometer, is found to be no hotter than thet^af^r itself. , 
What then becomes of all the heat which is^communicated to 
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the water, since it is neither indicated in the steam nox in the 
water ? It enters into th§i water, and converts it into steam, 
without raising its temperature, much heat disappears as is 
capable of raising the temperature^ of the portion of water con- 
verted into steam 1000 degrees, or what is* the same tiling, as 
would raise the temperature r of one thousand times as much 
water by one degree* This is now generally assumed to be the 
amotint of the latent ^eat of steang. Dr. Black found it to be 
about 960 degrees, !kr. 'Vyatt 940 degrees, and Lavoisier rather 
more than #000 degrees. • 

Several circumstantjes may be^ remarked during the occur- 
rence 01 this change in wa|#r. On heating water gradually in a 
vessel we firs^ observe minute bubbles to form in the liquid 
and rise thrt)ugh it, which consist of air. As the temperature 
increases, larger ])ubb^esOTe formed at the bottom of the^vessel, 
which rise a little way* in the liquid, and then contract and 
disappear, producing a hissing or simmering sound. as the 

heating goes on, these bubbles, which are steam, rise higher aiid 
higher in the. liquid, till at last they reach its surface and escape, 
producing a^’bubbling agitation, or the phenomenon of ebullition. 
The whole process of b^iiling is beautifully seen in a glass vessel. 
It will be remarked that steam itself is invisible ; it only appears 
when condensed again into minute drops of water by mixing 
with the cold air. 

It was first*observed by Guy-Lussac, that liquids are con- 
verted more easily into v^our when in contact with angular 
and uneven surfaces, than whea the surfaces which they touch 
are smooth and polished. He also remarked that water boils 
at a temperature two degrees higher in glass than in metal ; 
so that if into water, in a glass flask, which has ceased to boil, 
we drop a twisted piece of cold iron wire, the boiling is re- 
sumed : it is only in vessels of metal that the boiling point is 
regular, and*should be taken in graduating thermometers. It 
has lately been remarked by Mr, Scrymgeour, of Glasgow, that 
if oil be prfsent with water, the^ boiling point of the water is 
raised a few degrees, in any kind of vessel. Tlie reason why 
water, in these circumstances, does not pass into vapour at its 
usu^l boiling point, is not distinctly understood. The water 
appears to be* in a precarious state of equilibrium, as in the 
other aijalojgous case, when cooled with caution in a smooth 
glass vessel considerably under its usual freeasing point. The 
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iiifi'oduction of an angular body into the v^ater is sufficient, 
in either instance, to induce jbhe susj^ended change. The same 
irregular deviation of the bofling point in ^lass vessels, takes 
place in other liquids as well^ as water, and in some of them 
to a n^ch greater Extent. 

There is a curious circumstance jn’regard tp boiling, which is 
a matter of common observation in some slfape or other. When 
a little water (a few drops) thrown intoia metallic cup,* hotter 
Ihaii the boiling poinf of water, the hoder th^ cup is, the 
less rapidly does the water boil away. We shouldNxpect the 
reverse, or that the hotter thb metallic odp, the more qtftckly 
would the water be dfesipated. Thq^cause of# the jilienomenoh 
appears to be this. Water exhibits an attraction for the sur- 
face of almost all solids at low temperatures, and*wets them. 
Fluid yiercury exhibits the opposite property, or a repulsion for 
most surfaces. This attraction of waiter for surfaces brings it 
into the closest contact with them, and greatly promotes the 
com munication of heat by a heated vessel to the water con- 
"lamed in it. But heat appears to develope a repulsive power 
in bodies, and it is probable that above a particular temperature 
the heated metal no longer possesses tljis attraction for water. 
The water, not being attracted to the surface of the hot metal, 
and induced to spread over it, is not rapidly heated, and there- 
fore boils off slowly. A rude method of judging of the degree 
of heat is founded on the same principle, and is seen fa- 
miliarly exemplified in the laundry. The heat of the smoothing 
iron is judged of by its effect^ upcfti a drop ^of saliva let fall 
upon it. If the drop do not boil, but run along the surface of 
the metal, the iron is considered sufficiently hot 5 but if the 
drop adheres and is rapidly dissipated, the temperature is con- 
sidered low. 

The temperature at which an^ Kquid boils is not fixed (like 
the melting point of solids), but depends entirely upon a parti- 
cular circumstance, — the degree of pressure to which the liquid 
is at the time subject. Liquids are in general subject to the 
pressure of the atmosphere ; for although the air is an exceed- 
ingly light substance, being 8^ times lighter #than water, yet 
by reason of its great quantity and height, it comes to weigh 
with considerable force upon the earth. This is called the 
atmospheric pressure, and amounts to no les^^han fifteen 
pounds upon each square inch of surface. ^The force with 
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which air presses upon a man of ordinary size has been 
estimated at fifty tons ; ypt, from.all the cavities of the animal 
frame being filled with equally el^tic air, we support this great 
pressure without being sensible of it ; indeed, we should suffer 
the greatest inconvenience from its sudden Veinoval, Ifow the 
pressure of the atnaosphere i| not always the same at the same 
place, but is found Ify the barometer to vary within the limits of 
one ‘tenth, of the wh€»le pressure. , This difference affects the 
boiling point to the extent of 4| degrees. Thus, when the 
height of the mercury in tthe barometer is expressed by the 
numbers in the firsl* column, wdter boils at the temperatures 
p'laced agaifist thorn in the second column.^ 


Jkrometer in inches of mercury 

water boils 

• 27.74 . 

2080 

28.29 . „ . 

209 

28.84 

. . 210 

• 

29.41 . 

.e . 211 

29.8 

. . 212 

30.6 

213 


It appear^, from this table, that for every inch of variation in 
the barometer, the boiling point of water varies 1. 7^ degree. 
And consequently a rise or fall in the barometer of 0. 1 inch, 
raises? or lowers the boiling point 0. 176 degree. On this account 
the pressure of the atmosphere must be attended to in fixing 
the boiling poent of water on thermometers. Water boils at 
2120, only when the pressure of the atmosphere is equivalent 
to a column of 29. 8 incheS merpury. 

The pressure of the atmosphere will be greatest at the level 
of the sea, and will diminish as we ascend to any height above 
it, for then we have less of the atmosphere above and pressing 
upon us, part of it being below us. ^ Hence, water boils on the 
tops of mountains at a considerably lower temperature than at 
their bases. • On the top of Mount Blanc, which is the pinnacle 
of JEurope, wa^r was observed by Saussure to boil at 184o. 
In deep pits, on the other hand, water requires a higher 
temperature to boil it, than at the surface of the fearth. An 
instrument has bgen constructed for ascertaining the heights of 
moui^b|iiivH9U this principle.. It consists essentially of a ther- 
with great care about the,, boiling point of 
bj of which the temperature at which water boils 
at differaiit ^i^udes can be ascertained with minute accuracy* 
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A •difference of one degree of temperature is occasioned by an 
ascent *of 530 feet- 

When the pressure on liquiils is removed by artificial means, 
they boil at greatly reduced temperatures. This may be done by 
placing^them undeP the receiver of an air-pump, and exhausting. 
When the whole air is withdrawn, Ijjquids in general boil about 1 4 5 
degrees under the temperature which they rfequire to make them 
boil when subject to the atnyispheric presjfcire. In a gpod taCuum 
water will boil at 6 ?^. This fact is also illustrated by a simple 
experiment, which any one may penfdrm. A flask containing 
boiling water, is closed with^ a cork white the upper pSlrt is 
filled with steam, ♦he boiling in vthe flask* may*be reuewdd 
by plunging it into cold water ; and the colder the water the 
brisker will the ebullition become. But the boilingfis instantly 
checked by removing the flask from tho cold water and immers- 
ing it in very hot water. On coi»king*the flask, the ebullition 
ceased from the pressure exerted by the confined steam upon the 
surface of tlie hot water ; but on plunging the flask into cold 
trifficr, this steam was condensed, and the water began to boil 
under the reduced pressure. On removing the flask to the 
hot water, the steam above ceased to, be condensed, and by 
its pressure stopped the l^iiling. On the other hand, in a Pain’s 
digester, which is a tight and strong kettle witli a safety valve, 
water may be raised to 3 or 400" without ebullition ; but the 
instant that this great pressure is removed, tin? boiling com- 
mences with prodigious violence. 

The facility with which liquid^boiflinder reduced pressure is 
frequently taken advantage of in the arts, in concentrating 
liquors which would be injured in flavour or colour by the heat ’ 
necessary to boil them under the pressure of the atmosphere. 
The late Mr. Howhrd appliq^ this principle in concentrating 
syrup of the sugar, which is sJpt to be browned when made 
to boil under the usual 4 )ressure. He thus boiled syrup at 
150" applying heat to it in a pan^ covered % an air-tight 
lid, and pumping off* the air and steam from the upper part 
of the pan by means of a steam-engine. This was the most 
essential part of his patent process, by which nearly the whole 
of the loaf sugar consumed in tlijs country, has been manufac- 
tured for several years. ^ 

In the same apppiratus vegetable infusions may ll^^^spissated, 
or reduced to the state of extracts, for medical purposes with 
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great advantage. When an extract is prepared in the ordinary 
way, by boiling down an infusion or expressed juice in an open 
vessel under atmospheric pressure, a considerable and variable 
proportion of the active principle is always destroyed by the 
high temperature and Exposure to the air. flut the ex^act is 
not injured when jthe infuSion or juice is evaporated at a low 
temperature, and without access of air, and is generally found 
to be n piore activea medicine. 

The temperatures at which different liquids are converted 
into vapour are exceedingly various ; but other things remain- 
ing the same, the bailing temperature is constant for any par- 
ticular liquid. The following table exhibits the boiling points 
of a few liquids, in which that point has been determined with 
precision. 


Hydro-chloric ether , 

Boilings point. 
. 520 

Sulphuric ether 

. 96 

Bisulphuret of carbon 

. 1‘16 

Ammonia, (sp. gr. 0.945) . 

. 140 

Alcqhol, (sp. gr. 0.798) 

. 172 

Water 

. 212 

Nitric acid, (sp. gr. 1.42) . , . 

. 248 

Crystalliiied chloride of calcium 

. 302 

Oil of turpentine 

. 314 

Naphtha 

. 320 

Phosphorus .... 

. 554 

Sulphuric acid, (sp. gr.. 1.843) . 

. . 620 

Whale oU .... 

. 630 

Mercury . . . . ^ . 

. 662 


The boiling point of water is uniformly elevated, by the so- 
lution of salts in the fluid ; but much more sb by spme salts than 
others. Tables have been constructed^ of the boiling points 
of saline liquors, which are of useful application when we wiih 
to maintain a steady temperature somewhat above 21 2^. Thus, 
water saturated with common salt, (100 water to ao salt,) boils 
at 2240; saturated with nitrate of potash, (100 water to 74 
salt,) it boils qt 238®; saturated with chloride of cakaum, at 
26 * 40 . 

* 

When ste^px’ from water is confined, it increases in tem- 
perature and^cquires great force, and the experiment can only 
be performed with safety in a boiler possessed of a safety valve* 



VAPORIZATION. 


51 


This is a small lid in the upper part of the , boiler, properly 
loaded^ according to the fqrce of the steam to be generated. 
The steam of boiling water occasions a sevare scald, if allowed 
to condense upon the body. But when steam from water under 
pressings, or higli pressure^* steam, which may be of a much 
higher temperature than boiling issues into the air, the 

hand may be directly exposed to it with iihpunity ; and a ther- 
mometer placed in it, shojrs that its temperature .is® gfeatly 
below that of boiling water. This singular pro|?erty of high 
pressure steam is connected with th^*great expansion which it 
undergoes on escaping into the air from ilfe vessel in wMch it 
was confined ; elasMc bodies having a tendency •when coih- 
pressed to fly asunder, not only to their original dimensions, 
but beyond them. The steam is greatly expanded and at the 
►same time mixed with air, which prevents it from afterwards 
collapsing. Now after being incorporated with several times 
its bulk of air, steam is not easily condensed, but becomes 
low-pressure steam, and may have its condensing point re- 
traced from above 212® to 120^ or 130*^. Hence the heat which 
it is capable of communicating, while condensii^ upon the 
h«and held in it, is of much less intensity^ than that of ordinary 
steam, and inadequate to^occasion scalding. 

Steam, when heated by itself, apart from Ihe liquid which 
produced it, does not possess a greater elasticity than an equal 
bulk of air confined and heated to the same dej^ee, and may 
be heated to redness, without acquiring great elastic force. But 
if water be present, then more j,nd *ftiore steam continues to 
rise, adding its elastic force to that of the vapour previously 
existing, so that the pressui;e becomes excessive. 

The elastic force of steam at temperatures above 212^ is 
determined by he&ting water in a stout globular vessel con- 
taining mercury ni^ ^ee Figure) and water w, and having a 
l<Jhg glass tube sci'e^ied into it, open at both ends, and 
dipping into the mercury, having a scale a, divided into inches 
applied to it. The globular vessel has two other openings, 
into one of •which a stopcock ^ is screwed, and into the other 
a thermometer Z, having its buJb within the glpbe. The water 
is boiled in this vessel for some tjme, with the stopcock open, 
so as to expel all the air. On shutting the stopcock, and con- 
tinuing the heat, the temperature of the interioi\,gs indicated 
by the thermometer, now rises above 212^, at which it was 

E 2 
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Stationary while the steam generated 
^ was allowed to escape. The steam 
in the upper part of the globe be- 
comes denser, mQre and more steam 
being pro/luced, ^d forces tte mer- 
cvry to ascend in the gauge tube, 
/ / to a height proportional to the 
elastic force of the steam. Tlie 
height of thQ mercurial column may 
« be taken to express the elastic force 
or pressure of the steam produced at 
any particular temperature above 
212®. The weight of the atmosphere 
itself is equivalent to a column of 
mercury of SO inches, and th\s pres- 
sure has been overcome by the steam 
at 21 2o, before it began lo act upon 
the mercurial gauge. For every 
thirty inches that the mercury^ is 
forced up in the gauge tube by the 
steam, it is said to have the pressure 
or elastic^ force of another atmo- 
sphere. Thus, when the mercury 
irf the tube stands at thirty inches, 
the steam is said to be of two 
atmospheres; at 45 inches, of two 
and a half atmospheres ; at GO 
inches, of three atmospheres, and so on. 

Experiments have been made on‘ the elastic ' force of steam 
by^Professor Robinson, Mr. Southern, Mr. Watt, Dr. Ure, and 
others ; but all preceding results have been superseded by those 
of a commission of the French AcadeAy, appointed by the 
French government to investigate the*subject, from its import- 
ance in connexibn with thecsteam engine. Their results, which 
are expressed in the following talkie, were obtained by experi- 
ment, up to a pressure of 25 atmospheres. The higher pres- 
sures were calcinated by extending the progression observed at 
lower temperatures. 
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£]|ksticity of steam 
takinga^inospberic 
pressure as unity. 

Temp. Pahr. 

Elasticity of steam 
taking atmospheric 
pressune as unity. 

Temp. Fahr. 

1 

212.0 

13 

380.66 

li 

,233.96 

14 

386.94 


*250.52. 

.15 

.S92.86 

24 

263.84 

16 

398.^ 

3 

275.I8 

17 

403.82 


285.08 

18 

4pS^f 

4 

293.72 

13 

413.78 

4i 

300.28 

20 

418.46 

5 

307.5 

21 

422.9^ 


314.24 

22 

42*7.28 

6 

320.36 

23 

431.42 

(ii 

326.26 

24 

43.^56 


331.70 

25‘ 

439.34 

7 h 

336.86 

30 

4.57.I6 

8 

341.78 

35 

472.73 

9 

350.78 

40 

486.59 

10 

358.88 

45 

491.14 

11 

12 

366.85 

374.00 

50 

511D.60 


Some curious experimtots were made by ]y[. Cagnard de 
la Tour on the vapour from various liquids at very high tempera- 
tures, and under great pressures. He filled a small glass tube in 
part with ether, alcohol, or water, and sealed it nermetically, 
The tube was then exposed to heat, till thfe liquid passed en- 
tirely into vapour. Ether became gaseous in a space scarcely 
double its volume at a temperature of 320o, and the vapour 
exerted a pressure of no m05re4;han 38 atmospheres. Alcohol 
became gaseous in a space about thrice its volume at the tem- 
perature 4040 with a pressure of about 139 atmospheres. 
Water acted chemicalljfon the glass, and broke it 5 but adding a 
little carbonate of soda t» it, the water became gaseous in a 
space four times its volume at the^ temperature at whfch zinc 
melts, or about 648°. These^ results are singular, in so far as 
the pressure* or elastic force of the vapours proves to be much 
smaller than that wliich corresponds with their calculated 
density. It thus appears that hi^ly compressed vapours lose 
a portion of their elasticity, or yield more to a ce^in pressure 
tlian air, by calculation, would do. 
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The latent heat of the vapours of several other bodies besides 
water has been determined^ and found to have a relation \o the 
volumes of the vapours. Thus, when equal weights of water 
and oil of turpentine are converted^ into vapour under the same 
pressure, the quantity of heat rendered latent by the turpentine 
v,apour is^not more#than one-jjfth of the latent heat assumed by 
the water vapour ;^but the bulk of the latter vapour is about five 
times* gfeaiqr lhan thal of the former. The table below exhibits 
the latent heat of equal weights of several vapours, as ascer- 
tained by Dr. Ure. JHe (fistilled, in all cases, 200 grains of the 
liquid^ from a small retort, and cdhdensed the vapour in a thin 
gfass globe, ^surrounded with a certain quantity of water at a 
known temperature, contained in a glass basin. To prevent the 
air from exercising an influence on the temperature of the water 
in the basin, care was, taken that the water should be three on 
four degrees below the ttempcraturp of the air at the beginning 
of the experiment, while it was not afterwards heated more than 
the same number of degrees above the atjpiospheric temperature 
by the condensation of the vapour, A thermometer of grdST 
delicacy was continually moved through the water, and its indi- 
cations were read off to small fractions of a degree. The lat^t 
heat of each vapour was of course pioportion^l to the rise of 
temperature which occurred in the condensing water. 

Equal weights. * Latent heat. 

Vapour of water 1000 degrees. 

Alcohol (specific guavity 0.825). . , 457 „ 

Ether (boiling point 112^' ^ . . . 318 „ 

Petroleum * . . . ' , . . 184 „ 

Oil of turpentine 184 „ 

Nitric acid (specific gravity 1.494) . . 550 „ 

Liquid ammonia (specific gravity 0.97 B) *. SCO „ 

Vinegar (specific gravity 1.007> . . • . 903 „ 

If the latent heat of different vapoqri^ be proportional to thftir 
volume^ as these numbers^ seem to indicate, the same bulk of 
vapour will be produced from all liquids with the same expen- 
diture of heat, and hence there can be no advantage in substi- 
tuting any othqj* liquid for watet, as a source of vapour, in the 
steam engine. 

The latent heat of the vapour of \rater itself increases with 
its rarity aJ^JiSw temperatures, and diminishes with its increasing 
density at high temperatures. Water may easily be made to 



VAPORIZATION. 


55 


bdil in a vacuum at the temperature of lOOo, but the steam 
produced is much more expanded and rare than that produced 
at 212®, and has a greater latent heal. Ilonce there is no fuel 
saved by distilling in vacuo. It has been shown, by Mr. 
Sharpy of Manchester, tha£ whatever Be the temperature of 
steam, from 212® upwards, if th^ 'same weight of it l)e con- 
densed by water, the temperature of the water will Always b*e 
raised the same number of degrees; or Ithe latent sy;id«e»isible 
heat of steam, added together, amount to* a con^nt quantity. 
We may hence deduce a simple rule,1for ascertaining the latent 
heat of steam at any particular temperatuPe. The sensible heat 
of steam at 212® may be assumed as 212 ^Jegre^ nCglectiftg 
the heat which it has below zero Fahrenheit, and the latent 
heat of such steam is 1000 degrees, of whicli •the sum is 
1212 degrees. To calculate the; latejit heat of steam at any 
particular temperature above 212®, subtract the sensible heat 
from this constant number, 12 12. Thus the latent heat of 
steam at 300® is 1212 — ^300, or 912 degrees. The same re- 
lation between the latent and sensible heat of vapour appears 
to exist at temperatures below 212®, and we m^^, therefore, 
calculate the latent heat of vapour, below that temperature, by* 
the same rule. 

Temperature, Latent heat of equal weights of steam. 


0® 


• 

. 1212 degrees 

32 


• 

1184. „ 

100 


. ^ 

J112 „ 

150 


, 

. *• 1062 „ 

242 


. 

io6o „ 

250 


i 

962 „ 


The latent heat of other * vapours, such as that of alcohol, 
ether, and oil of* turpentine, has been found by Despretz to 
vary according to the«same law# 

From the large quantify of heat which steam possesses, and 
the facility with which it imparts it to bodies colder tlvan itaelf, 
it is much used as a vehicle for the communication of heat. 
The temperature of bodies lieated by it can never be raised 
above 212®; so that it is milbh preferable to an open fire for 
heating extracts and organic substances, all danger of empyreu- 
ma being avoided. When applied to the cookmg of food, the 
steam is generally passed into a shallow tin boljj^ in the upper 
surface of which are cut several round apertures, of such sizes 
as admit exactly the pans with the,materials th be heated. The 
paiis are thus sunounded by steam, which condenses upon 
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with great rapidity, till their temperature rises to within a de- 
gree or two of 212®. For some purposes, a, pan containhig the 
matters to be heate4^is pla6ed within another and similar larger 
one, and steam admitted between the two vessels. Manufac- 
tured goods also are eften dried by passing them once pver a 
series of metallic cj^linders, ‘•or square boxes filled with steam. 
Factories* are now very generally heated by steam, conveyed 
through^themln cdst i^on pipes. It h .s been found by practice 
that the boiltei to ]>roducc steam for this purf>ose, must have 
one cubic foot of capacity ^fpr every 2(X)0 cubic feet of space to 
be heated to a tempeita^ture of 70^ or 80 ^ ; and tliat of the con- 
ducting isteam pip^ one square foot of surface must be exposed 
for every 200 cubic feet of space to be heated. 

The expausibn of water into steam is used as a moving power 
in the steam engine. The^application is made upon two different 
principles, both of wliidi m^y be illustrated by the little in- 
strument depicted on the margin. ^*It consist ; of a glass tube, 
about an inch in diameter, slightly expand- 
ed into a bulbous form at one extremity, 
and open at the other ; a piston is made, by 
twisting t('w about the end of a piece of 
straight wire, whic^ must be fitted tightly 
m the tuh ? by th • use of grease. Upon 
lieaang a little water in the bulb below the 
piston, steam is generated, which raises the 
piston to the^^top of the cylinder. Here 
the slirfple eL tic force of the steam Is the 
moving powder ; and in this manner steam 
is employed in tlie high pressure engine. The greater the load 
upon the piston, and the more the steam is confined, the greater 
does its elastic force become. Again, the pteton being at tlie 
top of the cylinder, if we condense the steam with which the 
cylinder is filled, by plunging the bqlb* in cold water, a va- 
cuum is produced below the piston, which is now forced down 
to the bottom of the cylinder by the pressure of the atmos- 
phere. In this stcond part of fhe experiment, the power is 
acquired by the gondensation of the steam, or the production 
of a vacuum ; and this is th§ principle of the common con- 
densing engine^ In the first efficient form of the condensing 
engine (that ,9^ Newcomen) the steam was condensed by inject- 
ing a little cold water below the piston, which then descended, 
from the pressure of the atmosphere upon its upper surface. 
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exactly as in the instrument. But Mr. Watt introduced two 
capital* improvemeAts into the construction of the condensing 
engine ; the first was, the a*dmitting* steam, instead of atmos- 
pheric air, to press down the piston through the vacuous cylin- 
der, \jhich steam itself couM afterwTird* be condensed, and a 
vacuum be produced abdve the piston, of which tiie same 
advantage might be taken as of flie vacuurn below tbe pistoi?. 
The second was, the effecting the cond^satton %f th^ i^eam, 
not in the cylinder itself, *which was thereby gi^eStly cooled, 
and occasioned the waste of much steam in being heated again 
at every stroke, but in a separate air-ti^it vessel, call^ the 
condenser, which is kept cool and vacuous. Info this cop- 
denscr, the steam is allowed to escape from above and from 
below the piston alternately, and a vacuum is •obtained with- 
out ever reducing the temperature of the cylinder below 212". 

A tflird and more recent improvemept*in the employment of 
steam as a moving powder, Consists in using it expansively^ a 
mode of application which will be best understood by being 
o.-iplained in a particular case. Let it be supposed that a piston 
loaded with one ton, is raised four feet by filling the cylinder 
in which it moves with low-pressure steam, or steam of the* 
tension of one atmosphere. An equivafent effect may be pro- 
duced at the same expense of steam, by filliiig one fourth of 
the cylinder with steam of the tension of four atmospheres, 
and loading the piston with four tons, which will^be raised one 
foot. But the piston being raised one foot by steam of four 
atmospheres, and in the position repsesented in the figure, the 

supply of steanf may be cut off, 
and the piston will continue to be 
, . or 1 atmos. ‘elevated in the cylinder by the 
• simple expansion of the steam be- 

Iqw it, although with a diminish- 
• - 4 or hi „ jjjg When the piston has 

been raised another foot in the 
4 or 2 „ cylinder, or two feet from the 
•bottom, the volume of the steam 
Itnll be doubled, and its tension 
. 4 atmos. consequently reduced from four 
to I, or two atmospheres. At a 
height of three feeV in the cylin- 
der, the piston win have steam 
below it of the tension of 4 or 1^ atmosphefe, and when the 
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piston is elevated four feet, or reaches the top of the cylinder, 
the tension of the steam below it will still be or one atmos- 
phere. The piston ^has, tiierefore, been raised to a height of 
three feet, with a force progressively diminishing from four 
atmospheres to one, dr with an average fotce of two ''atmos- 
pheres, by means qf a powA* acquired without any consumption 
df steanf^ but by the expansion merely of steam that had 
already 4 )rodifted its uOtual effect. 

The boiler\ised t6 produce the steam is constructed of diffe- 
rent forms. The comnfqn wagon boiler is represented in 
Figure 1. The heatAJ air from (he fire below the boiler, after 


jiassiiig^nder its, whole length, is brought back, before pass- 
Fig. 1. ing to the chimney, by flues, 

^ ^ ^ 0 , 0 , in order that what heat 

the air still contains, may 
be imparted to the sides of 
the boiler. The water is sup- 
plied in proper quantity to 
the boiler, and kept at a con- 
stant level from a fountain- 
head by a tube descend- 
ing; into the boiler from a 
box above it c v. The mouth 
of this tube is closed by a 
valve, which is kept shut by 
pressure from the lever a 
loaded at a. But to the ether^ limb b e oi the lever an iron-rod 
is attached, whiih descends into the boiler, and is fixed to a 
piece of wood/*, which floats upon^ the surface of the water. 
When the level of the water is lowered, /falls with it, and 
occasions the valve above to be opened and tirater to flow into 
the boiler. 


I 


mi 

I 


Fig. 2. 



Thq cylinder boiler, of which 
a jiection is given in Figure 2, 
is preferred as the most eco- 
•nomical, for tlie great steam- 
engines at the Cornish mines. 
It consists of two cylinders, 
one within the other, the 
smaller cylinder containing 
the fire, and the space be- 
tween the two cylinders being 
occupied % the water. The 
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outer cylinder may be six feet in diameter, and is often fifty or 
sixty fiSet in length. The heated air from the fire, after tra- 
versing the inner cylinder is conducted unjjer the boiler by the 
flues Of Of before it is conveyed to the chimney. 

In locomotive Aeam-engiftes, where the principal object is 
to generate steam in a smaU and compact apparatus with great 
rapidity, a different construction is adopted. Here the boiler 


Fig. 8. 



consists of t^o fferts,^a sqya^p l)ox 
with a double* casing? ^f which a 
section isr given in Figure 3, which 
contains the^^fire, surrounded by 
water in the space betxjfeeni^the cj^s- 
ings ; and a cylinder a, through the 
lower part of which J)as^ a number 
of copper tubes of smpU size, which 
communicate at one end with the 
fire-box, and at the other with the 
chimney, and form a passage for the 
heated air from the fire to the chim- 
ney. By means of these tubes, the 
object is accomplisheSi of exposing^ 
to a source of heat, the greatest 
possible quantity of surface in contact with -the water.— 

Dr. Lardner on the Steam^EnginCf Cabinet Cyclopedia). 

The subject of distillation is a natural eequel tp vaporization; 
but it is unnecessary to enter into much detail. The principal 
point to be attended to is the inpst efficient mode of condensing 
the vapour. Figure 1. represents tlie ordinary arrangement in 

distilling a liquid from a retort «, 
and condensing the vapour in a 
glass flask 5, which is kept cool 
by water dropping upon it from a 
funnel above c. TJie condensing 
flask is covered by bil^ulouii pa- 
per,®so that the water falling upon 
^ it may be made to pass equably 
^ver its surface, and it is sup- 
ported in a b^sin likewise coii; 
taming cold water. 

But a much \uperior instru- 
ment to the condensing flask i^ 
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the condensing tube of Professor Liebig, (Figure 2). Thisiia 
a plain glass tube, 1 1 about eighteen inches in length, and two- 

"Fig. 2/ 



thirds of an inch internal diameter, which is enclosed in a larger 
tube of brass or tin-plate, about twelve inches long and two 
inches in diametei, thft ends of which are closed by perfor- 
ated corks. A constant supply of cold condensing water from 
a vessel a is introduced into the space between the two tubes, 
being conveyed to the lower part of the instrument by the fun- 
nel and tube % and flowing out from the upper part by the 
ctufie g. The condensed li<|uid drops quite cool from the lower 
extremity of the^glass tube, wliere a vessel is placed to re- 
ceive it. This is an admirable apparatus, and ought to super- 
sede all other means of condensation ‘ in the laboratory. The 
spiral copper tube or worm which is used fgr condensing in 
the common still, is commonly made longer than is necessary, 
and from its form cannot be examined and cleaned like a straight 
tube. Much vrfpour may be condensed hfn small extent of surface, 
provided *it is kept cold by an ai^le supply of condensing 
water. 

r 

Fig. 3. Both the outer and in- 

ner tube may be of glass 
in the condensing appa- 
ratus which has been 
described, and then the 
small tubes to bring and 
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cafry off the condensing water, may be made to pass through 
openings in the corks, whiph they fit, as represented in Fi- 
gure 3. 

Evaporation in vacuo. Water rises rapidly into vapour in a 
vacuo^j space, witftout the^ appearance ot ebullition, at all tem- 
peratures, even at 32°, and greatly lower. Its elastic force in- 
oreasts as the temperature is elevated, till at^l2o, it is equal to 
that of the atmosph^e, or^ capable of supporting: ^cdlufhn of 
mercury thirty inches in height. Various other solid and liquid 
substances emit vapour in similar circumslances, such as cam- 
phor, alcohol, ether, and oil^of turpentine. Such bodifcs are 
said to be volatile^ and other bodies, such as marble* the metals, 
&c. which do not emit a sensible vapour at the ^temperature of 
the air, are said to he fioeed. All bodies which boil af low temjie- 
ratures belong to the volatile class. • i^n accurate estimate of 
the volatility of different bodies is obtained by determining the 
elastic force of the vapour which they emit in the vacuous space 
above the column of mercury of the barometer. If we pass up 
a bubble of air into the vacuum of the barometer, above 
the mercurial column, standing at the time at adi^ight of 30 
inches, the mercury is depressed, we maj suppose to the level of* 
29 inches, or by one inck. This would indicate that the air, by 
rising above the mercuiy, has been ex- 
panded into thirty times its former bulk, 
or that the elastic fSrce of fhis rare air is 
equal to a column of one inch of mercury. 
The elasticdforce* of vapoqr is estimated in 
the same manner. A few drops of the 
liquid* operated upon are passed up into 
the vacuum above the mercurial column, 
which is depressed in proportion to the 
elastic forcfe of the vapour. The depression 
produced by various liquids is very differ 
rent, m illustgated in the annexed figtTre, 
representing four barometer tubes, in 
which th^jjaaercury is at its proper height 
in No. 1 ^ is depressed by the vapour of 
water of the temperature 60^ in No. 2 ; 
and by alcohol and etheft at the same 
temperature in Nos. 3 ai d 4 y*£spec- 
tively. 
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The depression of the mercurial column produced by WLter 
at every degree of temperature, between 52*^ and 212®, was 
carefully determined by Br. Dalton, and his results have been 
confirmed by Dr. Ure. The following selected observations 
prove that the elasticity increase's at a yerf rapid rate with the 


temperature. 

Tension ortlie vapour of water in inches of mercury. 
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The vapours of other liquids increase in density and elastic 
force with tjie temperature, as well as the vapour of water ; but 
each vapour appears tq follow a rate of progression peculiar to 
itself. V 

The assumption of latent heat by such vapours is evinced in 
some processes for producing cold. Watel* may be frozen by 
the evaporation of ether in the air-pump, and a cold produced 
of 55 degrees under the zero of Fahrenheit by the evaporation 
of that fluid. The ether*vapqpr derives its store of latent heat 
from the remaining fluid, and contiguous bodies, which are 
robbed of their heat, and suffer a great refrigeration. To sus- 
tain the evaporation of tliis fluid, it is necessary to withdraw 
the vapour as it is produced by continual putnping. The vola- 
tile liquid, sulphuret of carbon, substituted for ether, pro- 
duces even greater effects. , ’ 

On the same principle is founded Leslie^s elegant process 
for the freezing of water by its own evaporation, within 
the exhausted receiver of an nif-pump, the evaporation being 
kept up by th^ absorbent powr of sulphuric acid. A little 
water, in a cup of porous, stone-ware, is supported over a 
shallow basin/eontaining sulphuric add. that is hecessary 
is tcy;){|oduce n good exhaustion at first: the process of evapo- 
ration and absoi]ption then go on spontaneously, in an^ nnrnter- 



VAPORIZATION. 


G:^ 


rupted manner. Various bodies, which have a powerful attrac- 
tion fc/t watery V8(|)our, may be used as absorbents, such as 
parched oatmeal, the powder of mouldering yhinstone, and even 
dry sole-leather, by means of any one of which a small quantity 
ofwatejmay be fro^n, during*summer, in the exhausted receiver 
of an air-pump. No substance, however, is superior, in this res- 
pect to concentrated sulphuric acid. Wheir this liquid becomes* 
too dilute to act poweffully as an absorbAt, il may 1^ rendered 
again fit for use, by boiling it and driving* off the^^ter. Ice 
might be procured in quantity, in a ^rm dlimate, by this pro- 
cess. The necessary vacuum ^-ould be niqiSt easily commanded, 
on the large scale, by allowing the receivers to qommnnicSte with 
a strong drum, filled with steam, which could be condensed. 

In the Cryophorus of Dr. Wollaston, water is also frozen by 

consists of two glass 
bulbs, connected by a 
tube, and containing a 
portion of water, as re- 
presented in the figure. The air is first entirely expelled from 
the instrument by boiling the water, in both bulbs, ^t the same 
time, and allowing the steam to escape^ by a small opening at 
the extremity of the little projecting tube e. While the in- 
strument is entirely filled with steam, the poiftt of e is fused 
by the blow-pipe fldme, and the opening hermetically closed. 
In experimenting with this instrument, the water* is all poured 
into one bulb, and the other or empty bulb placed in a basid 
containing a freezing mixture of ^ce iftid salt. Tlie vapour in 
the cooled bulb is condensed, but its place is supplied by vapour 
from the water in the other; bulb. A rapid evaporation takes 
place in the water bulb, and condensation in the empty bulb, 
till the water in thfe former bulb is cooled so low as to freeze. 
The instrument derives its name of the cryophorm^ or frost- 
bearer, from this transference of the cold of the*bulb in the 
freezing mixture to the bulb at a (Ustance from it. 

It is by the evaporation of liquefied carbonic acid, that Thilo- 
rier produces the extreme depression of temperature, — 1^5°, 
which he has attained and meas&ed. He allow^ a small stream 
of liquid carbonic acid to escape, f]^om a magazine of the liquid, 
into a cylindrical Ijpx of wood, like a round snufRbox in shape. 
The stream of liquid^ which immediately becomel in parj^as, 
is made, as it enters the box, to strike against a^plain surface at 


its own evaporation. This instrument 
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such an inclination as to cause the gas to circulate round ‘the 
circumference of the cavity of the, box, instead of traversing it 
in a straight line. The b6x is speedily filled with a light pow- 
der, having the appearance of snow, which is solid carbonic acid,- 
one portion of the liquid carbonic acid bein| frozen by, the eva- 
jporation of the other. Tfie^ solid carbonic acid is an imperfect 
conductor of heat, ^ind is on that account not immediatdy dis- 
sipated»by^evaporati()n. It is mo^jt conveniently applied as a 
frigorific agent wlien mixed with ether, with which it forms a 
soft mass, like htlf^melted snow. Mercury may be frozen in 
iarg6 (quantity, by throwing a p'ortion of this compound upon 
the surfacd of the fluid metal. The ether evaporates as well as 
the carbonic acid, and contributes to produce the cold. To form 
the liquid ‘’carbonic acid itself in large quantity, M. Thilorier 
makes use of two strong cylindrical vessels of wrouglit iron, 
like mercury bottles ih size and, form, one of which is called 
the generator, and the other the receiver. The generator is 
lined with lead, and is intended for the reception of strong 
muriatic acid and marble, the materials for the production of the 
gas. It is ^connected with the receiver by a short iron pipe, 
which is provided with a stop-cock, so that the receiver can l^e 
separated from the generator, withejut loss of gas from the 
former. The generator is charged with materials several times 
in succession, and the product accmnulate*d in the receiver till 
it may amouYit to a pound or two. The «top-cock and screws 
in this apparatus f must be of the most accurate workmanship, 
and be screwed down ujfon leaden washers. 

The question arises, do those bodies which evaporate at a 
moderate temperature continue to evaporate at all temperatures, 
however low ? The opinion has prevailed, that bodies which 
are decidedly vaporous at high temperatures* such as sulphuric 
acid and mercurji^, never cease to evolve vapour, however far 
their temperature may be depressed^ although the quantity 
einittedi becomes less and^less, till it ceases to be appreciable 
by^ our senses. Even fixed bodies, such as metals, rocks, 
&c , have been supposed t(^ allow an escape <Jf their sub- 
stance into aijc at the ordinary temperature ; and hence the 
atmosphere has been supposed to contain traces of the va- 
pours of all fee bodies with which it is ip; ’ contact. Certain 
resiaaEphes of Dr. Faraday, published in the Philosophical 
Transactions for ] 826, on the existence of a limit to vaporiza- 
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ti#n, established the opposite conclusion. Mercury was found 
to yield a small quantity of .vapour during summer, at a tempe- 
rature varying from 60*^ to 80®, but iK winter no trace of vapour 
could be detected. Dr. Faraday has proved that several che- 
mical ij^ents, whiA may be volatilized by a heat between 3()0o 
and400o, did not undergo the sl^glTtest evaf)oration when kepjk 
in a confined space with water during four *yejirs. 

Bodies, therefore, cease %\L at once to emit vajj{jn.r,^t*somo 
particular temperature. In the case of mercury, this tempera- 
ture lies between 40® and 60® Fahrenheit/ But a progressive! 
and endless diminution of vcfporizing power is certainly *more 
natural than an abrupt cessation. What puts a^ stop \o vaporiza- 
tion ? . it may be askedi Liquids, we know, havf a certain at- 
traction for their own particles, evinced in their disposition to 
collect together in drops. The partidee pf solids are attracted 
more powerfully, and cohere strongly together. Dr. Faraday is of 
opinion, that when the vaporizing power becomes very weak, at 
low temperatures, it may be overcome and negatived completely 
by this cohesive attraction, and no escape of particles in the 
vaporous form be permitted. 

This supposition is conformable with tlje views of corpuscular 
philosophy entertained by# Laplace. According to that profound 
philosopher, the form of aggregation which a l)ody affects de- 
pends upon the mutual relation of three forces : 1. The attrac- 
tion of each partide for the other particles whiclf surround it^ 
which induces them to approach as near a» possible to each 
other. 2. The attraction of each pafticle for, the heat which 
surrounds the other particles in its neighbourhood. 3 . The 
repulsion between the heat wl\ich surrounds each partide, and 
that which surrounds the neighbouring particles, a force which 
tends to disunite the particles of bodies. When the first of 
these forces prevails, the body i5 solid ; if the quantity of heat 
augments, the second foroe becomes dominant, thfe particles 
then move among each other with ^facility, and the bbdy Is 
liquid. While this is the case, the particles are still retained by 
the attractioft for the neighbouring heat, within the limits 
of the space which the body^ formerly occjipied, except 
at the surface, where the heat separates them, that is to 
say, occasions evappration, till the influence of sbme pressure 
prevents the separation from being effected. When th^bteat 
increases to such a degree that the reciprocal Repulsive force 
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prevails over the attraction of the particles for one another, they 
disperse in all directions, as long as they meet no obstacle, 
and the body assumes the^ gaseous form. Berzelius adds the 
reflection, that if, in that gaseous state, into which Cagnard 
de la Tour reduced some volatile liquids, ^the pressurf, does 
not correspond with the resjjlt of calculation, that ditference 
may depend on this ; Jbliat, as the particles have not an oppor- 
tunity^ te> recede much^ the two firi^t forces continue always to 
act, and oppose the "tension of the gas, which does not establish 
jitself in all its po%er unfess when the particles are so distant 
from ‘each other as to be out of ihe sphere of the influence of 
these forces'.* « 

Gases. Peijmanent gases, such as atmospheric air, unques- 
tionably oWe their elastic state to the possession of latent heat* 
But tlie theory of the similar constitution of gases and vapours, 
although supported by strong analogies, was not generally 
adopted by chemists, till it waa experimentally confirmed by 
Dr. Faraday, who liquefied several of the gases.f His method 
was to generate the gas in one end of a strong glass tube, bent 

in the middle, as represented 
in the figure, and hermeti- 
caliy sealed. The gas accu- 
mulating in a‘ confined space, comes to exert a prodi- 
gious pressure, an effect of which is, that a portion of 
tlie gas itsdf condenses into a liquid in the end of the 
tube most remote from the materials, which is kept cool 
with that view. ^ Considirabloi danger is to be apprehended by 
the operator in conducting such experiments, from the bursting 
of the glass tubes, and the face ought always to be protected 
by a wire-gauze mask from the effects of an explosion. The 
names of the gases which were liquefied ift this manner, are 
sulphurous acid, cyanogen, chlorine, ammoniacal gas, sulphu- 
retted hydrogen, carbonic acid, muriatic acid, and nitrous 
o5^idef* which required a^degree of pressure varying, in 
different gases, from two atmospheres, in the first mentioned, 
to fifty atmospheres, in the Jast mentioned gas/ at the tem- 
perature of 45®. The liquefaction of several of these gases 
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since been effected by the application of cold alone, with- 
out compression. ^ 

The elastic force of the vapours Aising .from these gases in- 
creases at a rapid rate with their temperature. Thus the vapour 
from ^quefied amAonia at S2® was fouild to exert a pressure 
of 5 atmospheres, and when heajefl to 52^ a pressure of 6^ 
atmospheres; the vapour from liquid sulphuretted hydrogen 
at 3° exerted a pressure of JL4 atmosphefcs, and at^7^a^)res- 
sure of 17 atmospheres. Liquid muriatic acid at 22*, and 
47® respectively, exerted a force qf 20, *25, and 40 atmos- 
pheres ; carbonic acid at 12® 4,nd 32% a ^rce of 20 and 36 at- 
mospheres. Sir H. Davy threw out the idea that thh prodi- 
gious elastic force of these fluids might be usecj^ as a moving 
power. But supposing the application practicable, it may be 
doubted, from what we know of the cor^tancy of the united sum 
of the fatent and sensible heat of high ffressure steam, whether 
any saving of heat would be, effected by such a% application 
of the vapours of the liquefied gases. 

In certain gases, particularly hydrogen, nitrogen, oxygen, 
nitric oxide, and carburetted hydrogen, compression ^lone seems 
inadequate to produce liquefaction ; for^ these gases have pre- 
served their elastic form under a pressure of at least 800 atmos- 
pheres. There can be little doubt, however, thrit all other gases 
at present known wwld yield to a less compressing force. Ex- 
posure to extreme cold, with the application of great pressure at 
the same time, is the most likely means of liquefying the more 
refractory gases. , 

All gases whatever are absorbed and condensed by water in a 
greater or less degree, in whjfeh case Nthey certainly assume the 
liquid form. The quantity condensed is widely different in the 
different gases ; and in the same gas the quantity condensed de- 
pends upon the pressure to which the gas is subjected, and 
the temperature of the absgrbing water. In the case<of carbonic 
acid gas. Dr. Henry proved that the volume absorbed by water 
is the same, whatever be the pressure to which the gas is sub- 
ject. Hence^. we double the weigjit or quantity of gas absorbed 
by subjecting it, in contact wit^ water, to the pressure of two 
atmospheres ; and this practice is adopted in impregnating water 
with carbonic acid, to make soda-water. The coMer the water, 
the greater also the quantity of gas absorbed. 

In the physical theory of gases, they are assumed to be ex- 
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pansible to an indefinite extent, in the proportion that pres- 
sure upon them is diminished, and to be contractible linder 
increased pressure ©Kactly^ in proportion to the compressing 
force — the well-known law of Mariotte. The bulk of atmos- 
pheric air lias been found rigidly fo correspond with thi;« law, 
when it was expanded into *300 volumes, and also when com- 
pressed into l-25th of its primary volume. But there is reason 
to dotibtr wi^ther the \aw holds witji absolute accuracy, in the 
case of a gas either m a state of extreme rarefaction, or of the 
greatest density. Tims atmospheric air does not appear to 
be indefinitely expansible ; for ^ere is certainly a limit to 
the eartk^s gaseous atmosphere, and it does not expand into 
all space. Dr^ Wollaston supposed that the material particles 
of air are n6t indefinitely minute, but have a certain magnit udc 
and weight. These particles are under the influence of a jpower- 
ful mutual repulsion, is always^ the case in gaseous bodies, 
and, therefoiap, tend to separate from each other 5 but as this 
repulsive force diulinishes as the distance of the particles 
from each other increases. Dr, Wollaston imagined that the 
weight of the individual particles might come at last to balance it, 
and thus prevent their /arther divergence. On this view, which 
is exceedingly probable, the expansion of a gas, caused by 
the removal of pressure, will cease at a particular stage of rare- 
faction, and the gas not expanding farther^ will come to have 
an upper surface, like a liquid. The eartVs atmosphere has 
probably an exact limit, and true surface. 

The delation from the lawcof Mariotte, in the case of gases 
under a greater pressure than that of the atmosphere, has been 
distinctly observed in the more liquefiable gases. Thus, Pro- 
fessor Oersted^ of Copenhagen, found that sulphurous acid gas 
diminishes, under increased pressure, more Rapidly than com- 


mon air. The volumes of atmospheric 
equal at the* following pressures : 

air and of the gas were 

Pressure upon air in 

Pressure upon sulphurous 

atmospheres. 

gas in atmospheres. 

1 . * * 

1.175 . . ^ . 

. If 

1.173 

2.821 f 

2.782 

3.319 ^ . 

. , .3.189 


UnUjill be observed that less pressure always suffices to reduce 
the sulphurous ^cid gas to the same bulk thjin is required by 
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ai». If the pressure upon the air and gas were made equal, then 
the gas would be compressed into less bulk than the air, and 
deviate from the law of Mariotte. ^^Desjft'etz has more lately 
observed an equally conspicuous deviation from this law under 
increagjjng pressures, in several other gases, particularly sul- 
phuretted hydrogen, cyanogen, und ammonia, which are qjl 
easily liquefied. There is no reason, howvef, to suppose that 
any partial liquefaction of the gases occurs un(|^ the* pres- 
sure applied to them in such ex^^eriments. They remain 
entirely gaseous, and their |uperior cona^ressibility, must be 
referred to a law of their constitution, dt is the phenomenon 
beginning to show itself in a gas under moderate pressure, 
which was observed in all its excess by Cagnard^de la Tour, in 
the vapours confined by him under great pressure, (page 53.) 

Those gases, which e 2 diibit this deviqJ;ion, must occupy less 
bulk than they ought to do u^jider the pressure of the atmosphere 
itself ; which may be the reason why the liquefi#)le gases are 
generally found by experiment to be specifically heavier than 
they qught by theory to be. 

Such are the most remarkable features which gases exhibit ^ 
in relation to pressure and temperature* These properties are 
independent of the specific weights of the gases, which are very 
different in the various members of the class, and they are but 
little connected witlf the nature of the particular substance or 
material which exists in the gaseous form. But ^hen different 
gases are presented to each other, a new property of the gaseous 
state is developed, namely the forcible dispositjion of different 
gases to intermix, or to diffuse themselves through each other. 
This is a property which inter^pres in a great variety of pheno- 
mena, and is no less characteristic of the gaseous state than any 
we have considered!. It may be treated of under the head, 
1® of the diffusion of gases through each other, and 2° of the 
diffusion of vapours into gases, by which is meant,’ the accent 
of vapours from volatile bodies in^ air and other gdifees, ^of 
which the spontaneous evaporation of water into the air is an 
instance. • ^ 

Diffusion of gasesi When a light and heavy gas are once 
mixed together, they do not exhibit any tendenev to separate 
again, on standing at rest for some time, differing in this 
respect from mixed liquids, many of which speedily 
rate, and arrange themselves according to J^heir densities, 
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the lightest uppermost, and the heaviest undermost, as in t»he 
familiar example of oil and water, unless they have combined 
together. This peculiar p/operty of gases has repeatedly been 
made the subject of careful experiment. Common air, for 
instance, is essentially a mixture of two ^gases, differug in 
lyeight in the propertion of 9^6 to 1103, but the air in a tall 
close tu6e of glaijs ‘several feet in length, kept upright in a 
still j^lahe, 45 ias been Wnd sensibly the same in composition 
at tlie top and bottom of the tube, after a lapse of months. 
Hence, there is no reason imagine that the upper strata of the 
air differ in composition from the lower ; or that a light gas, such 
as hydrogeh, escaping into the atmosphere will rise, and ulti- 
mately possess the higher regions; suppositions which have 
been made the groundwork of meteorological theories at dif- 
ferent times. 

The earliest observations we possess on this subject are 
those of Dju Priestley, to whonk pneumatic chemistry stands 
so much indebted. Having repeat^ occasion to transmit a gas 
through stoneware tubes surrounded by burning fuel, he per- 
ceived that (the tubes were porous, and that the gas escaped out- 
wards into the fire, vfjiile at the same time the gases of the 
fire penetrated into the tube, although the gas within the tube 
was in a compressed state. 

Dr. Dalton, however, first perceived the important bearings 
of this property of aerial bodies, and made it the subject of 
experimental inquiry. He discovered that any two gases, al- 
lowed to communicate with each other, exhibit a positive ten- 
dency to mix or to penetrate through each other, even in 
yj opposition to the influenpe*of their weight. Thus, a 
vessel containing a light gas (hydrogen,) being placed 
above a vessel containing a heavy gas (carbonic acid,) 
and the two gases allovfed to communicate by a narrow 
tube,* as represented in the figure, an interchange speed- 
ily took place of a ^portion of their contents, which it 
might have been supposed that their relative position 
would have prevented.. Contrary to the s6licitation of 
gravity, the heavy gas continued spontaneously to ascend 
and the ^light gai^ to descend, till in a few hours they 
became^ perfectly mixed, and the proportion of the two 
gases was the same in the upper and lower vessels. 
This disposition of diflferent gases to intermix, appeared 
^ to Dr. Dalton so decided and strong, as to justify 
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the inference that different gases afford no resistance to each 
others but that one gas spreads or expands into the space 
occupied by another gas, as it would rush into a vacuum. At 
least, that the resistance which the partides of one gas offer 
to those of another is of a*very imperfect kind, to be coin- 
pared^fo the resistance ^^diich stones in the channel of a 
stream oppose to the flow of running water, Sucsii is Df. 
Dalton^s theory of the miscibility of th| gifees. ^qjicliester 
Memoirs, vol. 5.) * • ' ' 

In entering into this inquiry I foumd, finst, that gases diffuse 
into the atmosphere and intib each othef*, with differeiW; de- 
grees of ease and rapidity. This was observed by sjlouong each 
gas to diffuse from a bottle into the air through a narrow tube, 
taking care, when the gas was lighter than aif, that it was 
allowed to escape from the lower part of the vessel, and when 
heavie# from the upper part, so mat it on no occasion, any 
disposition to flow out, buf was constrained to diffuse in op- 
position to the effect of gravity. The result wls, that the 
same quantity of .different gases escapes in times which are 
exceedingly unequal, but have a relation to the specific gravity 
of the gas. The light gases diffuse or escape most rapidly;* 
thus, hydrogen escapes §ve times quicRer than carbonic acid, 
which is twenty-two times heavier than that* gas. Secondly, 
in the case of an intimate mixture of two gases, the most 
diffusive gas separates from the ether, and leavq^ the receiver 
in the greatest proportion. Hence, by availing ourselves ctf 
the tendencies of mixed gases to difl&ise with different degrees 
of rapidity, a sort of mechanical separation df gases may be 
effected. The mixture must be allowed to diffuse for a certain 
tinae into a confined gaseous br vaporous atmosphere, of such 
a kind as may afterwards be condensed or absorbed wdth 
facility.’^ ^ 

But the nature, of the process of diffusion is best illustrated 
when the gases communicate with each other through, miruite 
pores or apertures of insensible ma^atud'e, 

A singulggr observation belonging to this subject was made 
by Professor Dobereiner of Jc^a, on the escape of hydrogen 
gas by a fissure or crack in glass receivers. Ha|ring occasion to 
collect large quantities of that Ifght gas, he had accidentally 
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made use of a jar which had a slight fissure in it. He 
surprised to find that the water of the pneumatic trough rose 
into this jar, one aijd a hawf inches in 12 hours ; and that after 
24 hours, the height of the water was two inches two thirds 
above the level of that^in the trough. During the experiment, 
neither the height ^of the barometef, nor the temperifcure of 
Hie place had sensibly altered.* He ascribed the phenomenon 
to capiliarv actiofi, A^ad supposed that hydrogen only is at- 
tracted by the fisstfres, and escapes through them on account 
of the extreme smallness ^of its atoms. It is unnecessary to 
examine this explanation, as Dobereiner did not observe the 
whole piiencmenon. On repeating the experiment, and varying 
the circumstances, it appeared to me that hydrogen never es- 
capes outward's by the fissure vdthout a certain portion of air 
penetrating at the same time m^ards, amounting to between 
one-fourth and one-fiffii of the volume of the hydrogen* which 
leaves the receiver. It was found by an instrument, which 
admits of much greater precision than the fissured jar, that 
when hydrogen gas communicates with air through such a 
chink, the air and hydrogen exhibit a powerful disposition to 
’ exchange places with each other) a particle of air, however, 
does not exchange* with a particle of hydrogen of the same 
magnitude, but of 3.83 times its magnitude. We may adopt 
the word diffusion-volume^ to express this diversity of disposi- 
tion in gases to interchange particles, and say that the difiusion- 
volume of air beiijg 1, that of hydrogen gas is 3.83. Now 
every gas has a diffusion- volume peculiar to itself, and depend- 
ing upon its spedific gravity. Uf those gases which are lighter 
than air, the diffusion-volume is greater than 1, and of those 
which are heavier, the diffusion- volume is less than l.f 
Exact results are obtained by means ofi a simple instru- 
ment, which may be called a diffusion tube, and which is con- 
structed as follows. A glass tube, open at both*ends, is selected, 
hal^an jnch in diameter, and fi-om six to fourteen inches in 
length. A cylinder of wood, somewhat less in diameter, is in- 

* Annales de Chimie et de Physique, 1 ^ 25 . 

t The mathematical relation which subsists between the diffusion-volume, and 
the density of a gas i^ expressed thus : 

^ Diffusion-volume = ^ - 
wher'fTP'ftpresents the spocihe gravity of the gas. 
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tr(jduced into the tube^ so as to ocxjupy the whole of it, with the 
exception of about one-fifth of an inch at one extremity, which 
space is filled with a paste of Paris plaster^ of the usui consis- 
tence for casts. In the course of a few minutes the plaster sets, 
and on withdrawiiig the wooden cylinder, the tube forms 
a recSVer, closed by an immoveable plate of stucco. In 
the wet state, the stucco is air-tight ; it is therefore dried, 
either by exposure to the air for a ^y,^or by plpcyig it 
in a temperature of 200® f&r a few bourse; and ^ii thereafter 
found to be permeable by gases, •ven ki the most humid 
atmosphere, if not positively# wetteS, When such a 'diffusion- 
tube, six inches in length, is filled with hydrogen o'^ipr mercury. 
Fig. 2. Fig, 1, the diffusion, or exchange of air 




for hydrogen, iftst^^ntly com- 
mences through the minute pores 
of the slrticco, and proceeds with 
• so much force and velocity, that 
* within three minutes, the mer- 
cury attains a height in the 
receiver of more than two inches 
above its level in the trough; 
within twfinty minutes, the whole 
of the hydrogen has escaped. In 
conducting such experiments over 
water, it is necesjary to avoid 
wetting the stucco. With this 
view, before filling the diffusion 
tutie with hydrd^en, the air is 
withdrawn by placing the tube 
•upon the short limb of an empty 
syphon, (see Figure 1), which does 


not reach, but comes within h^lf an inch of the stucco, and 


then sinking the instrunaent in the water trough, so ^that the air 
escapes by the syphon, with the exception of a small quantify, 
which is noted. The diffusion tubs is then filled up, either 
entirely or fo a certain extent, with the gas to be diffused. 

The ascent of the water in tlfe tube, when hydrogen is dif- 
fused, forms a striking experiment. But in exjeriments made 
with the purpose of determining the. pibportion Between the gas 
diffused and the air which replaces it, it is necessary to guard 
against any inequality of pressure, by placing the diffdsion tu6? 
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in a jar of water as in Figure 2, and filling the jar with water, in 
proportion as it rises in the tube.^ 

In this instrument wew may substitute many other porous 
substances for the stucco; but few of them answer so well. 
Dry and sound cork is very suitable, but permits the diffusion 
to go on very slowly, not beings sufficiently porous ; so’-'do thin 
slips of naany granular foliated minerals, such as flexible mag- 
nesiai^ lynestone. ^ Charcoal, woods, unglazed earthenware, dry 
bladder, all be Used for the same purpose. 

A slight deviation from^ the law is observed in gases which 
differrin a certain physical prop^ty from air, namely, in the 
greater facility with which they may be forced through pores or 
minute apertures by pressure. A dissimilarity between the 
gases, in thij^ respect, had long be^ recognized, although no 
accurate experiments had been made on the subject. It be- 
came, however, necesskii:y to examine this point. A small bell- 
jar, with a short neck and opening* at the top, was used, which 
opening was closed by a plate or stucco half an inch in thick- 
ness, over which a brass cap and stopcock were fitted and ce- 
mented. This receiver was placed on the plate of an air-pump 
'•in perfect order, and exhausted. When the stopcock was 
closed, nothing entered the exhausted^ receiver ; but on opening 
it, either air entered, forcing its way through the pores of the 
stucco, or any gas which might be conducted to it, by means of 
a flexible tulje from a proper magazine. Gas was allowed to 
enter, till it acquired a pressure of three inches, always setting 
out with air of the tension ^of one inch mercury in the receiver. 

The same qujftitity of different gases entered in the following 
times * 


Air, dry . . ‘ , 

in 10' 

Air, saturated with moisture, at 60^^ 

1 10' 

Carbonic acid . , . . 

10' 

Nitrogqn 

10' 

Oxygen 

10' 


* A diffusion experiment affords the e^ments for calculating the^ specific gravity 
of a gas. 

J The specific gAivity = 

where 6 is the measure of gas submitted to diffusion, and A the measure of re- 
turn aS— Edinb, Phil. Trans. XU, 222 ; or Phil, Mag. 3rd series, II, 175. 
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Carbonic oxide . . . 9' 30'^ 

Olefiant gas . ^ . . 7' 50" 

Coal gas . • . i . 7' 

Hydrogen . . . . 4' 


HycfSiogen, therefore^ entered under pressure 2.4 times, or 
nearly 2 i times quicker than air, •while sqviral gases ^had the 
same rate as air. Those gases wliich percolate ver^ easily, 
enter the diffusion instrument somewhat iu excess>^)articularly 
when the plate of stucco is thin. Tlip deviation is perceptible 
in hydrogen, and olefiant gas,i and is* also rery sensible iq coal 
gas and carburetted hydrogen. * 

It can be shown, on the principles of pneumatics, tnat gases 
should rush into a vacuum^vith velocities corresponding to the 
numbers which have been found to express their diffusion vo- 
lumes ^ that is, with velocities inverS^y proportional to the 
square root of the densities of the gases. The law of the diflu- 
sion of gases has on this accbunt been viewed by my friend, 
Mr. T. S. Thomson, of Clitheroe, as a confirmation of Dr. Dal- 
ton’s theory, that gases are inelastic towards each other.^ 
It must be admitted that the ultimate result in difiusion is in • 
strict accordance with Dalton’s law, •but there are certain 
circumstances which make me hesitate in adopting it as a true 
representation of the phenomenon, although it affords a conve- 
nient mode of expressing it. 1. It is supposed, on that law, 
that when a cubic foot of hydrogen gas is allowed to communir 
cate with a cubic foot of air, the hydrogen expands into the 
space occupied by the air, as it* would do into a vacuum, and 
becomes two cubic feet of hydrogen of half density. The air, 
on the other hand, expands* iir the same manner into the space 
occupied by the hj^ogen, so as to become two cubic feet of air 
of half density. Now if the gases actually expanded through 
each other in this mauler, cold should be produced, and the 
temperature of the mixed *gases should fall 40 or 45 degrees^. But 
not the slightest change of temperature occurs in difiusion, how- 
ever rapidly ^the process is conducted, 2. Although the ultimate 
result of diffusion is always in/conformity with Dalton’s law, 
yet the diffusive process takes place in different|gases with very 
different degrees of rapidity. Thills, the extern£\ air penetrates 


Fhil. Mag. 3rd series, IV, 321, . 
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into a diffusion tube with velocities denoted by the foUovdng 
numbers, 1277? 623, 302, accord\ng as the diffusion Cube is. 
filled with hydroge?!, witJi carbonic acid, or with chlorine gas. 
Now, if the air were rushing into a vacuum in all these cases, 
why should it not Always entef it with "^the same vj^locity ? 
Something more,,)bhereford', ^must bfe assumed than that gases 
are vac^ to each o^er, in order to explain the whole phe- 
nomena observed* in Aiffusion. 

Passage af gaseb through membranes. In connexion with 
diffusion, the parage Uf gases tlirough humid membranes 
may 4)6 noticed. If ^ bladder, half filled with air, with its mouth 
tied, b8 passed up into a large jar filled with carbonic acid 
gas, standing over water, the bladd<j|^ in the course of twenty- 
four hours -braomes greatly distended, by the insinuation of the 
carbonic acid through it? substance^ and may even burst, wliile 
a very little air escapes^)utwards from the bladder. BuS this is 
not simple difiusion. The result depends upon two circum- 
stances ; first, upon carbonic acid being a gas easily liquefied 
by the water in the substance of the membrane, — ^the carl)onic 
acid penetrates the membrane as a liquid ; secondly, this liquid 
is in the highest degree volatile, and, therefore, evaporates very 
rapidly from the inner surface of the bladder into the air con- 
fined in it. The air in the bladder comes to be expanded in 
the same manner as if ether or any other volatile fluid was ad- 
mitted into ib- The phenomenon was observed by Dalton in 
fts simplest form. Into a very narrow jar, half filled with 
carbonic acid gas over wkter, he admitted a little air. Tlie 
air and gas were accidentally separated by a water bubble, 
and thus prevented from intermixing. But the carbonic gas 
immediately began to be liquefied by the film of water, and 
passing through it, evaporated into the aif below. ITie air 
was in this way gradually expanded, and the water bubble as- 
cended in tb.e tube. Here the partic\ikr phenomenon in ques- 
tioK was observed to take place, but wthout the intervention of 
membrane. It is to be remembered that the thinnest film of 
water or any liquid is absolutely impermeable to a gus as such. 

In the experiments of Drs. ^iitchell and Faust and others, in 
which gases parsed through a sheet of caoutchouc, it is to be 
supposed that the gases were always liquefied , in that substafice, 
through it in a fluid form. Indeed few bodies 
are more remarkable than caoutchouc for the avidity with which 
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thej^imbibe various liquids. The absorption of ether, of naptha, 
of oil df turpentine, which S 9 ften the substance of the caout- 
chouc, without dissolving it, may be rlrferre^to. It is likewise 
always those gases which are more easily liquefied by cold or 
pressure that pass most readily through l^oth caoutchouc and 
humid membranes. Dr. Mitchell^fdund thaj the time required 
for the passage of equal volumes of difl[erent gases, .Jthrouglf 
the same membrane, was ^ 

1 minute, with ammonia. 



minutes. 

with sulphuretted hjjjdrogen. 

3 * 

55 

cyalhogen. 

si 

55 

carbonic acid. 

fii 

55 

]|j|jtrous oxide. 

27i 

55 

arsenietted hydrogen. 

28 

55 

olefiant gas. . 

•37i 

55 

hydrogen. ^ 

113 

55 

oxygen. 

160 

55 

carbonic oxide, 


and a much greater time with nitrogen. 

Diffusion of Vapours into air^ or spontaneous ^aporation. 
Volatile bodies, such as water, rise into air as well as into a 
vacuum, and obviously accordii^ to the law, by which gases 
diffuse through each other. Thus if a small ’quantity of the 
volatile liquid ether be conveyed into two tall jars standing over 
water, one half filled with air, and the other with hydrogen gas, 
the air and hydrogen immediately begin to.expand, from the 
ascent of the ether-vapour into tjiemVand the two gases in the 
end have their volume increased exactly in the same propor- 
tion. But the hydrogen ga^i undergoes this expansion in half 
the time that the air requires ;*that is to say, ether-vapour fol- 
lows the usual law^ of diffusion in penetrating more rapidly 
through the lighter gas. . ' 

We are indebted to Dr^ Dalton for the discovexy that the 
evaporation of water has tlie same limit in air as in a vacuum. 
Indeed the quantity of vapour from a volatile body which can 
rise into a confined space, is exactly the same, whether that 
space be a vacuum, or already filled with any air or gas,^in any 
state of rarefaction or condensation. The vapoua rises arid adds 
its own elastic forqe, such as it exhibits in a vacuum, to the 
elastic force of the other gases or vapours already occupy!^ 
the same space. Hence, it is only necessary to know what 
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quantity of any vapour rises into a . vacuum at any partiqplar 
temperature ; — the same quantity rises into air. Thus the vapour 
from water, which jises ^kito a vacuum at 80®, depresses the 
mercurial column one inch, or its tension is one thirtieth of the 
usual tension of the afr. Now, ifwater at 80® be admittjfd into 
dry air, it will increase the^ tension bf that air by l~30th, if 
the air iye confined l or increase its bulk by 1— 80th if the 
air bo allowed to expand. 

The spontaneous Evaporation of water into air is much af- 
fected by three cirCumst^ces : 1^. the previous state of dry- 
ness nof the air, for a c^qrtain fixed Quantity only of vapour can rise 
into air^ as^rouch as into the same space if vacuous ; and if a 
portion of that quantity be already present so much the less 
will be taken lip by the air ; and no evaporation whatever takes 
place into air which contains this fixed quantity, and is already 
saturated with humidify. 2^. By warmth, for the higher the tem- 
perature the more considerable is £he quantity of vapour which 
rises into any accessible space. Thus water emits so much 
vapour at 40^ as expands the air in contact with it 1 — 114th 
part, and at 60^ as much as expands air 1 — 57th part, or 
‘double the quantity emitted at the lower temperature. Hence, 
humid hot air contains a much greater^ portion of moisture than 
humid cold air. * S\ The evaporation of water is greatly quick- 
ened by the removal of the incumbent air in proportion as it 
becomes saturated ; and hence a current of air is exceedingly 
fevourable to evaporation. 

When air saturated witli' hupiidity at a high temperature is 
cooled, it ceases to be able to sustain the large portion of 
vapoui' which it possesses, and the ^excess assumes the liquid 
form, and precipitates in drops.' Many familiar appearances 
depend upon the condensation of the vapour in the atmosphere. 
When a glass of cold water, for instance, is brought into a 
warm room,, it is often quickly covered with moisture. The air 
in intact with the glass is chilled, and its power to retain 
vapour so much reduced as to occasion it to. deposit a portion 
upon the cold glass. It is from the same cause that water is often 
seen in Hie morning running doVn in streams upon the inside 
of the glass pai^s of bed-room windows. The glass has the low 
temperature ofnhe external air, and by contact cools the warm 

humid air of the apartment so as to occasion the precipi- 
tation of its moisture. Hence also, when a warm thaw follows 
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aftec frost, thick stone walls which continue to retain their low 
tempeftiture, are covered by^a profusion of moisture. 

Hygrometers. As water evaporatesiAt all^temperaturcs, how- 
ever low, the atmosphere cannot be supposed to be ever en- 
tirely {Restitute of • moisture! The proj^ortion present varies 
with the temperature, the* directed of thc^ wind, and other 
circumstances, but is generally greater^in summer Hhan iti 
winter. There are various means by which* the njpisjtuie in 
the air may be indicated and its quantity Estimated, affording 
princqiles for the construction of di^ferent^tygroscopes or hy- 
grometers. * ^ 

1st. Many solid substances swell on imbibing moistifre, and 
contract again on drying, such as wood, parchment, hair, 
and most dry organic substances. The hygrometer of Deluc 
consisted of an extremely thin piecq of whalebone, which 
in expihding and contracting . moved tfn index. The prin- 
ciple of this instrument is^ illustrated in the transparent 
shavings of whalebone cut into figures, which bend and crumple 
up when laid upon the warm hand. Saussure made use of 
human hair boiled in caustic ley, as a hygrometric body, and 
it appears to answer better than any other substance of the 
class. Instruments of tliis kin4 are graduated experimentally 
from observations made on placing them in air kept at a known 
state of dryness by the presence of deliquescent salts. But all 
such instruments alter in their indications aften a time, and 
should be viewed as hygroscopes rather than Jbygrometers. 

2ndly^Thb*degree of dryness of the 
air may be judged of by the rapidity of 
evaporation. Leslie made use of his 
differential thermometer a« a hygro- 
meter, covering one of the bulbs with 
muslin,- and keeping it constantly 
* lyoist by means of a wet thread from 
a cup of water placed near it.* The 
evaporation* of the moisture cools the 
ball and occasions the air in it to 
contradt. This instrument g^s use- 
ful information in reg^d to me rapi- 
dity of evaporation, or the drying 
power of the air, but does not 
cate directly the quantity of moisture 
in the air. The weU%ulb hygrometer 
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mare commonly used, acts on the same principle, but con- 
sists of two similar and very delicate mercurial thefmome- 
ters, the bulb of qpe oJ« which a is kept constantly moist, 
while the bulb of the other b is dry. The wet thermometer 
always indicates a loifrer temperalfUre than the dry on^ unless 
when the air is /uUy saftxjated \rtth moisture and no eva- 
*poratioif from the •moist bulb takes place. In making an 
obsefvatiqp, the ihstmment is generally placed, not in absolutely 
still air, but in an dpen vdndow where there is a slight draft. 

Srdly. The most ^mplelpode of ascertaining the absolute quan- 
tity ef vapour in theVr> is to cool the air gradually, and note the 
degree ftf temperature at which it bejgins to deposit moisture, or 
ceases to be capable of sustaining the whole quantity of vapour 
which it possesses. The air is saturated with vapour, for this 
particular degree of ten\perature, which is called its dew-point. 
The saturating quantity of vapour for the degree of temjfferature 
indicated, may then be learned j?y reference to a table of the 
tension of the vapour of water at different temperatures.* It is 
the absolute quantity of vapour which the air at the time of the 
observation^ possesses. The dew-point may be ascertained 
most accurately by exposing to the air a thin cup of silver or 
tin-plate containing water so cold as# to occasion the conden- 
sation of dew upon the metallic surface. The water in the 
cup is stirred with the bulb of a small thermometer, and as 
the temperature gradually rises, the degree is noted at which 
the dew disappeacs from the surface of the vessel. The tem- 
perature at which this ocdurs ^ay be taken as the dew-point. 
Water may always be cooled sufficiently in summer, to answer 
for an experiment of this kind b^ dissolving pounded sal-am- 
moniac in it. > 

The dew point may be observed much moite quickly by means 
of the elegant hygrometer of Professor Daniell.t This instru- 
ment (see Figure) consists of two balls/ connected by a syphon 
and^ containing a quantity of ether, from which the air has 
been expelled by the same means as in the cryophorus of 
Dr. Wollaston, (page 63). One of the arms of •the syphon 
tube (|mtains a small thermdmeter, with its scale, which 
should DC of vjfiite enamel ; the bulb of the thermometer de- 

..JL Such a table will be given in an Appendix, 
t Daniell's Meteorological Easaya, p. 147. 
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1 ^' scends into the ball b, at the extremity of 

JJ, this arm^ and is nkced, not in the centfe 
R ^ ^ possible to some 

' - ’i|r point of its circumference. A zone of this 
J ball is ^It and burnished, so that the de- 

position of doiwr may easily be perceived 
upon it. The other l|all j5, is covered with 
“Jf muslin. • When an observatiorf ft to be 

made, this last ball is moistened with ether 
N JL which is suppliedT slowly by a drop or two 

10 T at a time, tt is cooled by the evaporatibn of 

h W the ether and becomes capable of*condensiifg 

I the vapour of the included fluid, and there- 

by occasions evaporation in the opposite 
ball 6, containing the thermometer. I^fe temperature of the 
ball i, should be thus reduced in a gradual manner, so that 
the degree of the thermometer at which dew begins to be depo- 
sited on the metallic part of the surface of the ball may be ob- 
served with precision. The temperature of h being thereafter 
allowed to rise, the degree at which the dew disappears from 
its surface may likewise be noted. It sljould not differ much 
from the temperature of tllfe deposition, and will probably give the 
dew point more correctly, although, strictly speaking, the mean 
between the two observations should be the true dew point. It 
is convenient to have a second thermometer in* the pillar of 
the instrument, for observing the temperature of tiie air at the 
time. 

A less expensive instrument is dbnstructed by Mr. Jones of 
London, which appears to kidjcate the dew point with tolerable 
accuracy. It consists of a delicate mercurial thermometer, of 
which the whole bulb, with the exception of aboutone-fourth of 
its surface, is covered with muslin. The bulb is cooled by the 
application of ether to tho coated surface, and the temperature 
observed at which dew first makei^ its appearance upon ^he 
naked part of the bulb. Mr. Foggo, of Leith, finds the indica- 
tions of this^instrument to be trustworthy,^ but a preference is 
given, by most observers, to the original instrument of Ij^aniell. 

The indications df the wtUhdb hygrotoeter firj(jt described are 
discovered by inspection. It is, therefore, a problem of 
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the greatest importance to deduce from them the dew point or 
the tension of the vapour in the air, by an easy rule. Could 
this inference be mafic wriSi certainty, the wet-bulb hygrometer 
is so commodious that it would supersede all others. I shall 
place below the formhla of Dr. August, wiiich after constant 
application for tha last ten^years, ' has received the general 
sanction K)f the philosophers of Berlin. It was employed by 
Huinbokltciirid G. kose in their recept expedition to Siberia, and 
(as I was assured by the latter) with excellent effect.'’^" 

In evaporating by* mearfri of hot air, as in drying goods in the 
ordinary bleachers^ stpve, which Is heated by flues from a fire 
c&rried klong the floor, it should be kept in mind that a cer- 
tain time must elapse before air is saturated with humidity. 
Mr. Daniel! has observed that a few cubic inches of dry air con- 


* Dr, August’s formula for deducing the'tension of vapour in the air from the 
temperature indicated by a wet and dry theWiiometer : 

Let s = the tension of vapour in the atmosphere, expressed in Parisian lines, 
to be found. 

ff — tension of vapour at the temperature indicated by the wet thermo- 
meter, in PaHsian lines, taken from a table. 

t = the temperature pf the dry thermometer, by Reaumur’s scale. 

t* ~ : temperature of wet thermometer, by. the same scale. 

b rr= the height of the barometer in Parisian lines, the normal height being 

33G lines. 

Then, for temperatures above zero Reaumur, 

\ — 0.0011 (336— 6). (^—^0 

For temperatures below zero Reaumur, 

e' — J ( 4 -^^ 0 * 70.001 (336-^). (4— /O 

This formula is very simple in its application, as will be seen by a particular 
example. 

Professor Ermnn m«d3 the following observation, May 20, 1827, 2§ A,M. 

Dry thermometer, 19®.l Reaumur. 

Wet thermometer, 11®.1 t. 

Difference of temperature, 8 degrees. 

The tension of vapour at IP.l is 5.56 Parisian lines ; from which subtract f of 
the difference of temperature, which in this easels the number 3.00. The subtrac- 
tioi^ivQp 2.56 Parisian lines. But the barometer stood 2 lines higher than 336 ; 
there is therefore 0.0022 X 8 = 0v32, to subtract from 2.56 ; which gives 2.54 
Parisian lines as the tension of the vapour in the air at the time of observation. 
The above formulae are deduced from the expressions 


1* = e' — 


0 . 5 . 18 ( 4 — 40 * 

512—4^ 


and 


fl.558(<— <<)i 
572 — «' ’ 


512 is the latent heat of vapour at 0" Reaumur . — (Ueber die Fortschritte 


dtr Hygrometrie, ran Dr. E. F. Augmf, Berlin 1830.) 
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tiimiB to expand for an hour or two, wlien exposed to water at 
* the temperature of the air. . At high temperatures, the diffusion 
of vapour into air is more rapid ; Wlil^till is not at all instan- 
taneous. Hence, in such a drying stove, means ought to be 
taken repress rather than to promote the exit of the hot 
air; otherwise a loss of heat will^lJe occasioned hy the escape 
of the air, before it is saturated with hiiihichty. Tin? greatest 
advantage has been derived from closing sucli a stev« per- 
fectly as possible at the top, and only opening it after the goods 
are dried and about to be removed, Ai orjfer to allow of a re- 
newal of the air in the chamber betweeii each operationf In 
evaporating water by heated air, the vapour itself carries off 
exactly the same quantity of heat as if it were produced by 
boiling the water at 212®, while the air associated with it like- 
wise reguires to have its temperature raised, and tlierefore occa- 
sions an additional consumption of heat. Hence water can 
never be evaporated by air iu a drying stove with so small an 
expenditure of fuel as in a close boiler. 

When bodies to be dried do not part with their moisture 
freely, ])ut in a gradual manner, as is the case wit^ roots, atid 
most organic substances, the hot air to d^ them may be greatly 
economized l^y a particular mode of applying it, which is prac- 
tised in the madder-stove. The principle of this drying stove 

is illustrated by the annexed fi- 
gure, in which a represents a 
tight chamber^ having two open * 
ings, one near the roof, by which 
hot air is admitted into the cham- 
her, and another at the bottom, 
by which the air escapes into the 
tall chimney c. The chamber 
contains a series of stages, from 
. the floor to the roof^ on the 
lowest of which sacks, lial# fiiled 

mmmmi , • 

with the damp madder roots, 
are first placed. In proportion as the roots dry, the bags are 
raised from stage to stage, tiU they arrive at the highest stage, 
w^here they are exposed to the air when hottest and most des- 
iccating. As the ^dried roots are removed froid the top, new 
roots are introduced below, and passed through in the sam<* 
manner. Here the dry and hot air, after taking all the moisture 

G 2 
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which tlie roots on the highest stage will part with, descfnds 
and is still capalde of abstracting a .second quantity of moisture 
from the roots on (the n^t, and so on, as it proceeds, till it 
passes away into the chimney absolutely saturated with mois- 
ture, after having reacfied the bottom of the bhamber. 

It is frequently an olijecttto dry* a small quantity of a sub- 
stance nfost completfe^ (such as an organic substance for analy- 
sivs) at* sflnfe, steady tenqwrature, such as 212". This is effected 
by the following simple and elegant arrangement contrived by 
M. Liebig. The su^stanbe to be dried is introduced, (in the 
state'" of a powder if. possible) into a short glass cylinder «, 
^fhich niiiy^ie three inches in length, and one and a half inch in 
diameter, or (my other convenient size, and of which the two 
ends are tef niinated by open tubes, bent as represented in the 
figure. The vessel a is . immersed in a water-bath b, which may 



be kept boilingdiy a lamp below. One of the tubes from a is 
connected by means of a short caoutchouc tube with the upper 
stopcock of a gas-holder g, or* any similar vessel, filled with 
water. The lower opening h, of the gas-hcilder is left open, so 
.that water can escape by it in proportion as air is admitted by s, 
which air must pass tlirough a. The other tube from a is con- 
nerted with a wide glass tube c, of eight or ten inches in length, 
containing fragments of fused chloride of calcium, in passing 
through which the air is deprived of all moisture before it 
reaches jthe substance in a. A regulated current of absolutely 
dry air at 212° may thus be conducted over the substance to be 
dried. ^ 
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NATURE OF lll^VT. . 

It if^gonvenierit ?o adopt tlie material theory of heat in eon- 
sidering its accumulation in bodies^ and in e?aj|)ressing quantities 
of heat and the relative capacities of bodies Jfor heat.* Indeed 
everything relating to the absorption of heat sugge:iks*tlTb idea 
of its substantial existence ; for heat^ unlike liglit, is never ex- 
tinguished when it falls upon a body^«%ut either reflected and 
may be farther traced, or is absorbed ami accunudated iti the 
body, and may again be derived from it witliout losS. ^lut tlfi'. 
mechanical phenomena of heat, which resemble /hose of liglit, 
may be explained with equal if not greater advantage by assuming 
an undulatory theory of heat, correspomling with tlie undulatory 
theory of light. A peculiar imponderable medium or ether is 
supposed to pervade all space, through wdiich undulations arc 
propagated, that produce the impression of heat. A hot radiant 
body is a body possessing the faculty to originate or excite siudi 
undulations in the ether or medium of heat, whiuh spread on 
all sides around it, like the waves from a pebble thrown into still' 
water. Sound is propag^ed by waves in this manner, but the 
medium in which they are generally produced, or the usual 
vehicle of sound, is the air; and all the experiments on the 
reflection and concentration of heat, by concave ftflcctors, may 
be imitated by means of sound. Thus if a wjftch be placed in the 
focus of one of a pair of conjugate reflecting mirrors, the waves 
of air occasioned by its beating emanate from the focus, strike 
against the mirror, and aro reflected from it, so as to break 
upon the face of the opposite mirror, are concentrated into its 
focus, and communicate the impression of sound to an ear 
2)laced there to receive it. The transmission of heat from the 
focus of one mirror to tho focus of the other may easily be (con- 
ceived to be the propagation of spnilar undulations thmugh 
another and diflFereiit medium from air, but coexisting in the 
same space.* 

In adopting the material theory of heat, we are under the ne- 
cessity of assuming that there arcc^ditferent kind^ of heat, some 
of which are capable of passing througli glass, siuch as the heat 
of the sun, while others, such as that radiating from the har/^, 
are entirely intercepted by glass. But on the modulatory theory, 
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the different properties of heat are referred to differenc^o in 
the size of the waves, asrfhe differences of colour are accounted 
for in light. Heat(i)f thV higher degrees of intensity, however, 
admits of a kind of degradation, or^ conversion into heat of lower 
intensity, to which we have^ nothing parallel in the case of light. 
Thus when the calorific rays the sun, which are of the highest 
intensity, pass through glass, and strike a black wall, they are 
absorbed, Viiid appear immediately afterwards radiating from the 
heated wall, as heat of low intensity, and are no longer capable 
of passing through gl^ss. *«It is as yet an insoluble problem to 
reverse the order of tliis change, and convert heat of low into 
heat of high intensity. We observe the same degradation of 
heat, or loss pf intensity, in condensing steam in distillation. 
The wliole heat of the steam, both latent and sensible, is trans- 
ferred without loss in that process, to perhaps fifteen times as 
much condensing water ; but the intensity of the heat is reduced 
from 212 ^ to perhaps ICO*’ Fahr. . The heat is not lost ; for the 
fifteen parts of water at 100° are capable of melting as much ice 
as the original steam. But by no quantity of this heat at 100*^ 
can tempera,ture be raised above that degree : we%ave no means 
of giving it intensity. ^ 

If heat of low is ever changed into heat of high intensity, it 
is in the comprelsion of gaseous bodies by mechanical means. 
Let steam of half the tension of the atmospliere, produced at 
180°, in a sjhice otherwise vacuous, be reduced into half its 
ix)lume, by doubling the pressure upon it, and its temperature 
will rise to 212^^ If the 'pressare be again doubled, the tempe- 
rature will become 250<^, and the whole latent heat of the steam 
will now possei3S that high intensify^^ When air itself is rapidly 
compressed in a common syringe, we have a remarkable conver- 
sion of heat of low into heat of very high intensity. 

It may be imagined that the elevation of temperature pro- 
duced in the friction of hard bodies has a similar origin ; that it 
results* from the conversion ^of heat of low intensity, which the 
bodies rubbed together possess, into heat of high intensity. 
But it would be necessary further to suppose thaf a supply of 
heat of low intensity to the bodies rubbed can be endlessly kept 
up, by conduction or radiation, from contiguous bodies, as there 
appears to be no limit to the production of heat by means of 
.friction. 

Count Rumfo^d, by boiing a cylinder of cast iron^ raised the 
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temperature several pounds of cold water to tlie boiling point. 
Sir II. Davy succeeded in, melting two pieces of ice in the 
vacuum of an air pump, by making tlicm rijj3 against each other, 
while the temperature of the air pump itself and the surrounding 
atmosgliere was betow 32». TSI. Haldot Observed that when the 
surface* of the rubber was* rough^ 5nly hal^ as much heat ap- 
peared as when the rubber wtis smooth. ^When the p:itessure df 
the rubber was quadrupled^^ the proportion of heat (ijryl¥«d was 
increased seven fold. When the rubbing* apparatus was sur- 
rounded by bad conductors of heat/ or yy non-conductors of 
electricity, the quantity of heat evolved jvas diminished.’^ No 
heat whatever is produced by the friction of fluitk upon ea«h 
other, or upon solids ; nor by the friction of gases upon liquids 
or solids. 

One other point only connected wdt}^ the nature of heat re- 
mains, •to which there is at present occasion to iillude — the 
existence of a repulsive property in heat. Such a repulsive 
power in heated bodies is inferred to exist from the appearance 
of extreme mobility which many line powders assume, such as 
precipitated silica, on being heated nearly to redness, Mr. Forbes 
also attributes to such a repulsion the vibrations which take* 
place between metals ui^equally heated, and the production of 
tones, to which allusion has already been made. But this re- 
pulsive power was rendered conspicuous, and even measurable, 
by Mr. Powell, in the case of glass lenses, of vtry slight con- 
vexity, pressed together. On the application of heat, a separa- 
tion of the glasses, through extfemCly small but finite spaces, 
was indicated by a change in the tints which appear between the 
lenses, and which depend jipon the thickness of the included 
plate of air. This repulsion between heated surfaces appears to 
be promoted by vdiatcver tends to the more rapid communi- 
cation of heat.f 


* Nicholson's Journal, XXVI, 30. 
t Phil. Trans. 1834, p. 485. 
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CHAPTER 11. 

BIGHT. 

The rn(?clianical properties of constitute the science of 
optics^ and belong, fh^Tefjire, to physics, and not to chemistry. 
But it may be useful^ by a short recapitulation, to recal them to 
the iiienjory of the redrler. 

* 1 . . Tlie rays of light emanate with so great velocity from the 
sun, that they occupy only 72 minutes in traversing the immense 
space which separates the earth from that luminary. They travel at 
the rate of 192,5(30 miles 'in a second, and would, thereforr, move 
through a space equal to the circumference of our globe in 1 -8th 
of a second. They are pi’opagatdd continually in straight lines^ 
and spread or diverge at the same time ; so that their density 
diminishes in the direct proportion of the square of their dis- 
^tance from the sun. Hence, if the earth were at double its 
present distance from tlie sun, it would receive only one-fourth 
of the liglit ; at three times its preseni distance, one-ninth ; at 
four times its present distance, one-sixteenth, &c. 

2. When the solar rays impinge upon a body, they are re- 
jected from its surface, and bound off as an elastic ball, striking 
against the same surface in the same direction, would do ; or 
they are absorbed by the body^upon which they fall, and disaji- 
pear, being extinguished ; or lastly, they pass tiirough the body, 
which in that case is transparent or diaphanous. In the first 
case, the body becomes visible, appearing i^rhite, or of some 
particular colour, and we see it in the direction in wliich the 
rays reach the eye. In the second case;, the body is invisible, 
no light proceeding from it to the eye ; or it appears black, if 
the ^rrounding objects art illuminated. In the third case, if 
the body be absolutely transparent, it is invisible, and we see 
through it the object from which the light was last reflected. 
But light is often greatly affected in passing through transparent 
bodies. ; 

.3. If light enters such media, of uniform density, perpendi- 
cularly to their surface, its direction is not altered ; but in pass- 
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ing^liquely*out of one medium into another, it undergoes a 
chan^ of direction. If the^ second medium be denser than the 
first, the ray of light is bent, or refracted, i^earer to the perpen- 
dicular ; but in passing out from a denser into a rarer medium, 
it is refracted from ‘the perpendicular, nius, when tlic ray of 

ligjjtV, passing through the air, 
falls obliqjicly upon a •plate oT 
glass at the point a, initeid of 
continuing fo move in the same 
straight lin|^ a it is bent to- 
wards the perpendicular m,t a, 
and proceeds in the direction a c. The ray is benMo^he side 
on which there is the greatest mass of glass. On passing out 
from the glass into the air^ a rarer medium, at the point c, the 
ray has its direction again changed, ajid in tlxis case/rom the 
perpenificular, but still towards the mass of glass. The amount 
of refraction, generally speaking, is proportional to the density 
of a body, but comljustible bodies possess a higher refracting 
power than corresponds to their density. Hence the diamond, 
melted phosphorus, naphtha, and hydrogen gas, exhibit this 
effect upon light in a greater degree than other transparent' 
bodies. Dr, Wollaston Jiad recourse to tliis refracting power 
as a test of the purity of some substances. Thus, genuine oil of 
cloves had a refracting power expressed by the number 1535, 
while that of an impure specimen was not more tkan 1498. 

4. In passing through many crystallized bodies, such as Ice- 
land spar, a certain portion of ^ghtT is refracted in tlie usual 
way, and another portion undergoes an extraordfinary refraction, 
in a plane parallel to the diagonal which joins the two obtuse 
angles of the crystal. Such 'bodies are said to refract doubly^ 
and exhibit a double image of any body viewed through them. 

5. Reflected and likewise doubly refracted light assume new 
properties. Common IrgbJt, reflected from the surface of glass, 
or any bright surface non-metallic, is, more or less of ii^on- 
verted into what is called polarizeS light. If it be reflected at 
one particular angle of incidence, 56^ 45', it is all changed into 
polarized light ; and the farther the angle of reflection deviates 
from 56<^, on either side, the less is polarized, and the more 
remains common liglit, 56^ is the maximum polarizing angle 
for glass ; *52‘'.45' for water. The light is said to be polarized^ 
from certain properlic s which it assuiijes, which seem to indicate 
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that the ray, like a magnetic bar, has sides in which reside pecu- 
liar powers. One of th^se new prgperties is, that when it falls 
upon a second glass^ plate; it is not reflected in the same way as 
common light. If the plane of the second reflector is perpendi-- 
cular to the first, and the ray fall at an anglfe of it is not 
reflected at all, it vnrmhes ; b;^jt M parallel^ it is entireTy reflected. 
Polarized light appfccrs to possess some most extraordinary 
propevtko) in regard to vision, useful application. It is 
said tliat a body which is quite transparent to the eye, 
and which appears^ fipon\examination to be as homogeneous 
in ite structure as it* is in its aspect, will yet exhibit, under 
polarized 'light, the most exquisite organization. As an 
example of the utility of this agent in exploring mineral, 
vegetable and animal structures. Sir D. Brewster refers to the 
extraordinary structure c of the minerals apophylite and anal- 
cime ; to the symmetrical and figurate disposition of siliceous 
crystals in the epidermis of equjisetaoeous" plants, and to the 
wonderful variations of density in the crystalline lenses, and the 
integuments of the eyes of animals, which polarized light ren- 
ders visible.^ 

• 6. Decomposition of^ lUght. When a beam of light from the 
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sun is admitted into a dark room, by a small aperture r in a 
window shutter, and is intercepted ki its passage by a wedge 
or stffei angle of glass a b it is refracted as it enters, and a 
second time as it issues from the glass ; and instead of forming 
a round spot of white light, as it would have done if allowed to 
proceed in its original direction r it illuminates with several 


* Reports of the British Associiitioii, vol. i. Report upon Optics, by Sir 1), 
Brewster, 
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coloOTS an oblong space of a white card e /, properly placed to 
'*• recei^ it. The solid wedge, of glass fs called a prism, and the 
oblong coloured image on the card, th^ sol^f spectrum. Newton 
counted seven bands of different colours in the spectrum, which, 
as the]i^ucceed each other from the upper part of the spectrum 
represented in the figure, are violitf,* indigo, blue, green, yellow, 
orange and red. The beam of light admitted by the apferture in 
the window-shutter has be^ iteparated in passing thgmi^h the 
prism into rays of dififerent colours, and this separation ob- 
viously depends upon the rays being Aneqijally refrangible. The 
blue rays are more considerably refracted or deflected (fut of 
their course, in passing through the glass, than^h? yellow 
rays, and the yellow rays than the red. Hence^the violet end 
is spoken of as the most refrangible, and the red -as the least 
refrangible end of the spectrum. 

The coloured bands of the spectrum differ in wddth, and are 
shaded into each other ; and it is not to be supposed that there 
are really rays of seven different colours. Sir D. Brewster 
has established, in a recent analysis of solar light, that there are 
rays of three colours only, blue, yellow and red, ^which were 
well known to artists to be the three primary colours, of which 
all others are compounded. 

A certain quantity of white Hght, and a portion of each of the 
primary rays, may be found at every point from the top to the 
lK)ttom of the spectrum. But each of the prima^’^ rays predo- 
minates at a particular part of the spectrum. • This point is, for®' 
the blue rays, near the tiop of thefSpeclTrum ; for the yellow rays, 
somcvdiat below the middle ; and for the red rays, near the 
bottom of the spectrum. licence, there exist rays of each colour 
of every degree of refrangibility ; but the great proportion of 
Blue veiiow *Red thc ycllow ravs is more refrangible 
than the red, and the great proportion 
of the blue more refrangible than either 
the yellow qr red. The compoundwiiec- 
truin which we observe, is in fact pro- 
duced by the superposition of three 
simple spectra, a blue, a yellow, and a 
red spectrjum. The distribution of the 
rays in each of these simple spectra is 
represented by the shading in the an- 
nexed figures. Of the seven different coloured Imnds into 
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which Newton divided the spectrum, not one is a pure coj^ur. 
Tlie orange is produced ^)y a predominance of the yclloV and 
red rays ; the green, ^l)y the yellow and blue rays, and the indigo 
and violet are essentially blue, with different proportions of 
red and yellow.* 

By placing a second prfsfl[i adc^m a reversed position, in 
contact with the firsts (orism, the colours disappear, and we liave 
a spo^''?«ls vdiite light, as if both prispis were absent. Tl)e three 
coloured rays of the spectrum, therefore, produce white liglit 
by their union. ' ^ 

On examining the solar spectrum. Dr. Tliomas Young ob- 
sm^ed thafr'it is crossed by several dark lines, that is, that there 
are interruptions in the spectrum, where there is no liglit of any 
colour. Fraunhofer subsequently found that the lines in tlie 
spectrum of solar light ^were much more numerous than Dr. 
Young had imagined, while the spectrum of ariificuU wliitc 
flames contains all the rays which^are thus wanting. One of the 
most notable is a double dark line in the yellow, which occurs 
in the light of the sun, moon, and planets. In the light of the 
fixed stars, Syrius and Castor, the same double line does not 
‘occur; but one conspicuous dark line in the yellow, and two in 
the blue. The spectrum of Pollux, on the contrary, is the same 
as that of the suh. Now a very recent discovery of Sir D. Brew- 
ster has given these observations an entirely chemical character. 
He has found® that the white light of ordinary flames requires 
' merely to be sent ^Jirough a certain gaseous medium (nitrous 
acid vapour) to acquire more <than a thousand dark liiTfes in its 
spectrum. lie is hence led to infer that it is the presence of 
certain gases in the atmosphere of tJie sun, which occasions the 
observed deficiencies in tlie solar spectrum. We may thus have 
it yet in our power to study the nature of the? combustion whicli 
lights up the suns of other systems. (Report upon Ojitics.) 

The rays ^jf heat are distributed \ery unequally tlirougliout 
the liacainous spectrum ; most heat being found associated witli 
the red or least refrangible luminous rays, and least with the 
violet rays. Indeed when the solar beam is decomposed by a 
prism of a highly diathermanous material, such as rock salt, 


♦ Sir David Brewster, On a new analysis of the solai light, indicating tlirce 
primary colours, forming coincident spectra of equal length. — Bdinbiirgh Phil, 
Trans, vol. xii. p. 12X 
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of heat are found to extend, and to have their point of 
maximum intensity considetably beyoyd the visible spectrum, 
on the side of the red ray. Hence, although there are calorific 
rays of all degrees of refrangibility, the great proportion of 
tlicm even less refrangible than the least refrangible lumi- 
nous rays. It is observed that tie least refrangible rays are 
absorbed in greatest proportion in pairing through bodies 
which are not highly diatheym^nous, such as crown^tSfs and 
water. Hence prisms of these substances, allowing only the 
more refrangible rays of heat to pass,'i^give la spectrum which is 
hottest in the red, or perhaps even in the.yellow ray, and^pos- 
sesses little or no heat beyond the border of the re/T ray. Tlfe 
inequality in refrangibility existing between thq rays of heat 
and of light is decisive of the fact, that they are pcftjuliar rays, 
tliat can be separated, although associated together in the sun- 
beam. Indeed, Melloni finds that light from both solar and 
terrestrijil sources is divested of all heat by passing successively 
through water, and a glass, coloured green by the oxide of cop- 
per, being incapable as it issues from these media of affecting 
the most delicate thermoscope. 

The light of the sun is capable of inducing certain chemical* 
changes which^do not depend either upon its luminous or calo- 
rific rays, but upon the presence of what arft called chemical 
rays. Thus chlorine gas, under the influence of light, is capable 
of decomposing]water, combining with its liydrdjjen, and libe- 
rating oxygen; and the chlorine in the freshly precipitated!^ 
chloride of silver has a similar eflfect; but the ojygen in the last 
case, instead of being set free, combines with the silver, and 
causes the colour of the oonjpound to change from white to 
black. The moist chloride of silver is darkened more rapidly 
by the violet than ^by the red rays of the spectrum ; but this 
change is produced upon it even when carried a little way out of 
the visible spectrum on the side of the violet ray. The rays 
found in that situation are, thereforg, more refrangible tl/awrany 
other kind of rays in the spectrum. Their characteristic effect 
is to promofe those chemical decompositions in which oxygen is 
withdrawn from water and other oxides, and hence they are 
sometimes named de-oxidizing rays. These rays were likewise 
supposed to communicate magnetism to steel needles exposed 
to them but this opinion is no longer tenable. 
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CHAPTER HI. 

CHEMICAIc. NOMENCLATURE AND NOTx\TION. 

There are at presei^it fifty-four ^ubstancej known, wliicli are 
simple, or co;itain one kincl of matter only. Their nar.ies are 
given in the following tablesf together with certain useful num- 
bers which expres3 th£ quantities by weight, according to which 
the diJfSrent elements combine with each other. The letter or 
symbol annexed to, the name is employed to represent these 
particular quantities ^)f thfe elements, or their combining pro- 
pprtionsi 


TABLE I. 


NAMES OF ELEMENTS 

c 

WITH THEia SYMBOLS AND LEAST COMBINING P110P0RTI0N8. 


Names of Elements. 

Symbols 

1 Equivalents. 

r 

Names of Elements. 

Symbols 

Equivalents. 


IQQQI 

|o us 100. 

H as 1. 

O'xvn'fin- . - - 

0 1 

100.00 

8.01 

Cobalt 

Co 

368.99 

29.57 

• IFTyrirngpn^ , ^ ^ . 

II 

12.4795 

l.OO 

Nickel. 

Ni 

369.68 

29.62 

Nitrogen 

N 

I7i.b4 

14.19 

Copper(Cuprum) 

Cu 

395.70 

31.71 

tjArhon , . , ^ ^ ^ ^ ^ - 

c 

76.44 

6.13 

BismulSii 

Bi 

886.92 

71.07 

Sulphur 

6 

201 17 

16.12 

Lead (Plumbum) 

Pb 

1294.50 

103.73 

Selpnium 

Se 

494.58 

39.63 

Tin (Stannum) . 

Sii 

735.29 

58.92 

Phosphorus 

P 

392.28 

31.44 

Cerium 

Ce 

574.70 

46.05 

Dnron . . ^ . - - . - 

B 

136.25 

10.91 

Uranium 

U 

2711.36 

217.26 

SilieoTi f T 

Si 

277.31 

22.22 

Arsenic 

As 

940.08 

75.34 

Chlorine 

i 

Cl 

442.65, 

35.47 

Antimony (Sti- 


i 


Iodine 

.1 

1579.50 

1264^7 

bium) 

Sb 

1612.90 

129.24 

Bromine . 

Br 

978.31 

78.39 

Chromium 

Cr 

351.82 

28.19 


F 

233.80 

18.74 

Vanadium 

V 

856.89 

68.66 

Potassium (Kali- 



I^olybdenum. . . 

Mo 

598.52 

47 96 

um) j 

K 

489.92 

39.26 

Tungsten (Wol- 




Sodium (Natroni- 




fram) 

W 

1183.00 

94.80 

um) j 

Na 

290.90 

23.31 

Columbium 




Lithium 

L 

80.33 

6.44 

{Tantalum) . , . 

Ta 

2307.43 

184.90 

Barium . . 

Ba 

856.88 

68.66 

Tellurium 

Te 

801.76 

64.25 

Strnntinnn ^ ^ 

Sr 

547.29 

43.85 

Titanihm 

Ti 

303.66 

24.33 

'ClnlriTPIff 

Ca 

256.02 

^20.52 

Osmium 

Os 

1244.49 

99.72 

Magnesium 

Mg 

158.35 

*^12.69 

Mercury (Hy- 



Aluminum 

A1 

17117 

13.72 

drargyrum .... 

Hg 

1265.82 

101.43 

Glucinum 

G 

331.26 

26.54 

Silver (Argen- 




y-imnnhiTn . . 

Zr 

420.20 

33.67 

turn) ...... . . 

Ag 

1351.61 

108.30 

Thorium 

Th 

744.90 

59.83 

Gold (Aurum). . 

o 

Au 

2486.03 

199.21 

Vftrhim 

Y 

402.51 

3J.25 

Platinum 

Pi 

1233.50 

98.84 

Manganese 

Ma 

345.89 

27. 72 

Palladium . . . .j 

Pd 

665.90 

53.36 

Iron (Ferrum) . . . 

Fe 

339.21 

27.18 

Rhodium 

R 

651.39 

.52.20 

Zinc . 

Zn 

403 23 

32.31 

Iridium j 

Ir 

1233.50 

98.84 

Cadmium [ 

,Cd 

696.77 

65.83 

1 

1 
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TAB.LE n. 


NAMES OF ELEME JI»T S 

ARRANGED ALPHABETICALLf WITH TllBIR SYSftBOLS AND LEAST 
COMBINING PROPORTIONS,^* 


Names of Elements. 


Aluminum 

Antimony (Stibi- 
um) . . . ’ 

Arsenic , m 

llarium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium (Tan- 
talum) 

Copper (Cuprum), 

Fluorine 

Glifcinum 

Gold (Aurum) . . . 

Hydrogen 

Iodine 

Iridium 

Iron (Ferrum) . . . 
Lead (Plumbum) , 

Lithium 

Magnesium 

Manganese 

Mercury (Hydrar- 
gyrum) 


Symbols 

Equivalents. 

• 

Names of Elements. 

Symbols 

Equivul^its. 

O as 100. 

H US 1. 

0 as 100. 

Has r. 

A1 

171.17 

13.72 

Molybdenum . . . 

M 6 

598.52 

47.96 




Nickel 

Ni 

369-68 

29.62 

Sb 

1612.90 

129-24 

Nitrogen^ 

N 

177-04 

14.19 

As 

940.08 

76.34 

Osmium 

Os 

1244.49 

99.72 

Ba 

856.88 

68.66 

Oxygen 

0 

100.00 

8.01 

Bi 

886.92 

71.Q7 

Palladium 

Pd 

665.90 

53.36 

B 

136.25 

10.91 

Phosphorus 

P 

392.28 

31.44 

Br 

978.31 

78.39 

Platinum 

PI 

1233.50 

98.84 

Cd 

696.77 

55.83 

Potassium (Ka- 




Ca 

256 02 

20.52 

burn). ........ 

K 

489.92 

39.26 

C 

76.44 

6.13 

Rhodium 

R 

C51.39 

52.20 

Ce 

674.70 

46.05 

Selenium. ...... 

Se 

494.58 

39.63 

Cl 

442.6» 

35.47 

Silicon 

Si 

277.31 

22.22 

Cr 

351.82 

28.19 

Silver (Argen- 

• 



Co 

368.99 

29.57 

turn) 

Ag 

1351.61 

108.30 




Sodium (Natro- 




Ta 

2307.43 

184,90 

nium) 

Na« 

290.90 

23.31 

Cu 

395.70 

31.71 

Strontium 

Sr 

547.29 

43.85 

F 

233.80 

18.74 

Sulphur ■. 

S 

201.17 

16.12 

G 

331.26 

26,54 

Tullurmm 

Te 

801.76 

64.25 

Au 

2486.03 

199.21 

Thorium 

Th 

744.90 

59-83 

H 

12.4795 

1.00 

Tin (Stannum). . 

Sn 

735.29 

68.92 

I 

1579.50 

126.57 

Titanium 

Ti 

303.66 

24.33 

Ir 

1233.. 50 

98.^4 

Tungsten (Wol- 

1 



Fe i 

339.21 

27.18 

fram) 

W 

1183.00 

94.80 

Pb 

1294.60 

103,73 

Vanadium 

V 

856.89 

68.66 

L 

80.33 

6 44 

Uranium 

u 

2711.36 

217.26 

Mg 

158.35 

1269 

Yttrium 

Y 

4*02.51 

32.25 

Mn 

345.89 

• 27.72 

Zinc 

Zn 

^03.23 

32.31 


1 


Zircojiium 

Zi 

420.20 

»^3.67 

Hg 

1265.82 

101.43 
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TABLE III. 

ALPHABETICA.L AlfltlANGEMENT OF SYMBOLS. 


0 (iS 100. 

ggjQjjjll^^ 

OfwlOO. 

Hash 

Ag indicates 

108.30 Silver (Ar- 

N 

indicates 

177.04 

14.19 Nitrogen 




gentum) 

Na 

tt 

290.90 

23.31 Sodium (IJIa* 

A1 


171.17 

13.72 Aluminum 




tronium) 

As 

** 

940^08 

75.34 Arsenic 

Ni 

tt 

369.68 

29.62 Nickel 

Au 


2486.03 

199.21 Gold (Aurum) 

0 

tt 

100.00 

8.01 Oxygen 

B 


136.25 

10.91 Bofon 

Os 


1244.49 

99.72 Osmium 

Ba 

If 

856.88 

68.66 Barium 

|P 


392.28 

fl.44 Phosphorus 

Bi 

)• 

886.92 

71.07 Bismuth 




103.73 Lead (Plum 

Br 

ff 

978.31 

78.39 Bromine • 

Pb 

tt 

1294.50 

bum) 

C 

rt 

76.44 

6.13 Carbon 

Pd 

tt 

665.90 

63.36 Palladium 

Ca 

t* 

2.56.02 

20.62 Calcium 

PI 

tt 

1233.50 

98.84 Plati.num 

Cd 

>* 

696.77 

55.83 Cadmium 

R 


651.39 

52.20 Rhodium 

Ce 

$* 

574^ 

46.05 Cerium 

S 

tt 

201.17 

16.12 Sulphur 

Cl • 

»» 

442.65 

35.47 Chlorine 

Sb 

tt 

1612.90 

129.24 Antimony * 

Co 

it 

368.99 

29.57 Oobalt 




(Stibium) 

Cr 

it 

351.82 

28.19 Chromium 

Se 

t 

tt 

494.58 

39.63 Selenium 

Cu 

ti 

395.70 

• 31,71 Copper (Cu- 

Si 

tt 

277.31 

22.22 Silicon 




prum) 

Sn 

tt 

735.29 

58.92 Tin, (Stan- 

F 

ft 

233.80 

I 8.74 Fluorine 




num) 

Fe 

tt 

339.2F 

27 . 18 Iron (Fer- 

Sr 

tt 

547.29 

43.85 Strontium 




/ rum) 

Ta 


2307.43 

184.90 Columbium 

G 

tt 

331.26 

26.54 Glucyium 




(I'antalum) 

H 

tt 

12 4795 

, 1.00 Hydrogen* 

Te 


801.76 

64,26 tellurium 

Hg 

tt 

1265.82 

101,43 Mercury (Hy- 

Th 

„ 

744.90 i 

59.83 Thorium 




' ' dragyrum) 

Ti 

rt 

303.66 i 

24.33 Titanium 

I 

tt 

1579.50 

126.57 Iodine , 

U 

tt 

2711.36 

217.26 Uranium 

Ir 

tt 

1233.50 

98.84 Iridium 

V 

tt 

856.89 

68.66 Vanadium 

K 

it 

489.92 

39.26 Potassium 

w 

It • 

1183.00 

94.80 Tungsten 




(Kalium) 




(Wolfram) ' 

L 

tt 

80.33 

6.44 Lithium 

Y 

tt 

402.51 

32,25 Yttrium 

Mg 

It' 

158,35 

12.69 Magnesium 

Zi^ 

• 

tt 

403.23 

32.31 Zinc 

Mn 

It 

345.89 

27.72 Manganese 

Zr 

tt 

420.20 

33.67 Zirconium 

Mo 

m 

tt 

598.52 

47.96 Molylylenam 
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« t 

, In th^ class of simple substances are placed all those bodies 
wdiich are not known to be Compound/ on the* principle that 
whatever cannot be decomposed or resolvedly any process of 
chemistry into other^ kinds of^ matter, is to be considered as 
simple. Vhey are the only bpdies tha names of which are at 
present independent of any rule. An Attempt was, indeed, made 
on the first introduction of a systematic nomenclature, to niake 
the names of several of them* significant ; but some confusion 
in regard to tlleir derivatives was founjji to ba the consequence 
of this, and many of them being familiar^ substances, w^re 
almost of necessity allowed to retain the nftmes they^baar in 
common language ; such as, sulphur, tin, silver, and the other 
metals known in the arts. To newly discovered elefnents, how- 
ever, such names were applied as were suggested by any striking 
physical jyoperty they possessed, or remarkable circumstance 
in their history. The names of the newer' metals, platinum, 
potassium, vanadium, etc., have ^ common termination, wOiicli 
serves to distinguish them as metals. Other classes of elemen- 
tary bodies, resembling each other in certain particulars, are' 
marked in a similar manner; such as the class cernprising 
carbon, boron and silicon, and that composed of chlorine, iodine, 
bromine, and fluorine. 

The names of compound bodies are contrived to express their 
composition, and the class to which they belon|^, and are 
founded on a distriliution of compounds into three orders, . 
namely: first, compounds of one elemeiit with another element, 
as for instance, oxygen with sul]?hur in sulphuric acid, or 
oxygen with sodium in soda, wliich are called binary compounds. 
Secondly, combinations of binary compounds with each otlier, 
as of sulphuric acid jv^itli soda in Glauber’s salt, and the salts 
generally, which are termed ternary compounds. And thirdly, 
combinations of salts with, one another, or double salts such as 
alum, which are quaternary compounds. 

1. — Of the compounds of the first (Trder, the greater number 
known to thejoriginal framers of the chemical nomenclature, 
contained oxygen as one of tlieir two constituents ; and hence, 
an exclusive importance was attached to that element. Its 
compounds with the other elementary liodies, may be divided 
from their properties into : {a) the class of neutral bodies and 
bases ; and (/>) the class of acids. 

(tf) To members of the first class, the generic term onide was 

H 
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applied, the first syllable of oxygen, with a terminatior. indica < 
tive of combination ; to which the name of the other elemeht 
was joined to expfcss the specific compound. Thus a compound 
of oxygen and hydregen is oocid^ of hydrogen x of oxygen and 
potassium, of potassium; of which compoundc" the first 
or water, is an instance ot a neutral oxide ; and the second or 
potash, of a baHe or alkaline oxide. But the same elementary 
body often combkies with oxygeh in more than one proportion, 
forming two or more cgtides ; to distinguish which the Greek 
pi;efix proto (irpairoc first) is applied to the oxide containing the 
^ least <prf,mortion of'oxj^en; deuto (Sevrepoc^ second) to the oxide 
containing more oxygen than the protoxide ; and trito (rptrog, 
third) to the oxide containing still more oxygen than the deut- 
oxide ; which last oxide if it contains the largest proportion of 
oxygen, with which fhe element can unite to form, an oxide, 
is more commonly named the* peroxide^ from per the Latin 
particle of intensity. Thus the three compounds of the metal 
manganese and oxygen are distinguished as follows : 


Composition 


c Names 

Manf;anese 

Oxygen 

Protoxide of manganese. 

100 

29.81 

Deutoxide of manganese. 

. ‘ 100 

43.36 

Peroxide of m'anganese. 

100 

57.82 


As the prefix per implies simply the highest degree of oxidation, 
it may be applied to the second oxide where there are only two, r 
as in the oxides of iron, the second oxide of which is called, 
indifferently,* the deutoxide or peroxide of iron. M. Thenard, 
in the last edition of his Traite de Chimie, avoids the use of the 
term deutoxide, and confines* the application of peroxide to 
such of these oxides as, like the peroxide /)f manganese, do not 
combine with acids. He applies the names sesq^uioxide and 
binoxide to oxides, which are capable, of combining with acids, 
and contain respectively, once anS a half and twice as much 
oxygen as the protoxides; of the same metal. He has thus the 
protoxide, sesquioxide and peroxide of manganese, the protoxide 
and sesquioxide of iron, the protoxide and binoxide of tin, etc. 
The sesquioxides of iron and manganese of Thenard, are also 
named tritowides by some French chemists, as to double the 
proportion of metal in the protoxides, they possess three times 
as much oxygen. Certain inferior oxides, which do not com- 
bine with acirls, are called suboxides \ such as the suboxide of 
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l^ad, whtth contains less oxygen than thp oxide distinguished 
as the protoxide of the same metal. 

The compounds of chlorine and certain other elements are 
distinguished in the saitie mannet as the oxides. Such elements 
resemble ^ygen in several rei^jpects, gjfrticularly in the manner 
in which their compounds are decomposed bji electricity. Chlo- 
rine, for example, like oxyget^ proceeds to the positive* pole, 
and is therefore classed with oxygen as an* electro-negative 
substance, in a division of elements grouj^ded fia their electrical 
relations. Tlius with the other elementary bodies. 

Oxygen forms oxides, 

Chlorine „ chlorides. 

Bromine „ bromides. 

Iodine „ iodides,^ 

Fluorine „ fluorides. 

Cyanogen „ \ cyanides, ' 

Sulphur „ sulphurets. 

As cyanogen although a compound body comports itself in its 
combinations like an electro-negative element, its compounds 
are named in the same manner as the oxides. When several 
chlorides of the same metal exist, they are distinguished by the 
same numerical prefixes as the oxides. Thus we have the 
protochloride and the deutochloride or perchloride of iron ; the 
protochloride, and the bichloride of tin 5 the application of the 
prefix bi being more generally sanctioned in the case of chlo- 
rides than oxides. The compounds pf shlphur greatly resemble 
the oxides, but they are named sulphurets and not sulphides. 
Berzelius indeed applies the terjn sulphuret to such binary com- 
pounds of sulphur only as fere basic or correspond with basic ox- 
ides ; while sulphide is applied t<5 such as are acid, or correspond 
with acid oxides. Hence, he has the sulphuret of potassium^ and 
the sulphide of arsenic mA. sylphide of carbon. Compounds of 
chlorine are distinguished by him into chlorurets and chlorides, 
on the same principle ; thus he speaks of the chloruret of potas- 
sium and of t\i&^hloride of phosphorus. But these distinctions 
have not been regarded by French or English chemists. 

Compounds of carbon and phosphorus with electro-positive 
elements are named carburets and pKosphuretSj as the carburet 
if iron, the phosphuret of lead. In all such cases it is the 
name of the electro-negative element, or that which most 
resembles oxygen, which is placed first in the flame of tlie 

H 2 
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compound, and has g. termination expressive of coiribination 
attached to it. Thus a compound of chlorine and phosphorus 
is called chloride of phosphorus, and not phosphuret of chlo- 
rine ; of sulphur anH carbon, s^lphuret of carbon, and not car- 
buret of sulphur. The combhiations of metallii? elements 
among themselves ^re distinguished by the general term alloys, 
an(h/^'ose of mercury zs atnalgams. 

(A) The binary compounds of oxygen which possess acid 
properties, are ri<^med 911 a different principle. Thus the acid 
compound of titanium and oxygen is called titanic add; of 
chrodiiuxn and oxygen, chromic add; or the name of the acid is 
derived from that of the substance in combination with oxygen, 
with the. termination ic. Where the same element was known 
to form two acid coinpounds with oxygen, the termination ous 
was applied to that which contained the least proportion of 
oxygen, as in sulphurous and* sulphuric acids. On the dis- 
covery of an acid compound of sulphur which contained less 
oxygen than that already named sulphurous acid, it was called 
hyposulphurous add, (from the Greek vwo, under) and another 
new coinpound, intermediate between the sulphurous and sul- 
phuric acids, was named hyposulphwtc add. On the same princi- 
ple, an acid containing a greater proportion of oxygen than that 
already named chloric acid was named hyperchloric add, (from 
the Greek wTTcp, over). The names of the different acid com- 
pounds of oxygen and sulphur, which have, been referred to 
for illustration, with the relative proportions of oxygen which 
they contain^ are as follows : 

Composition. 


Names. 

Sulphur. 

Oxygen. 

Hyposulphurous acid 

100 

49.75 

Sulphurous acid 

100 

99.50 

IJyposulphuric acid 

^ 100 

124.37 

S ulphuric acid 

‘ 100 

149.25 


* Q 

This system has been adopted for all analogous acids. An 
acid of chlorine, containing more oxygen than chloric * acid, is 
named hyperchloric acid, and other similar compounds, which 
all contain an unusually large proportion of oxygen are dis- 
tinguished in the same manner, as byperiodic acid and hyper- 
manganic acid. Tlie hyperchloric acid is also sometimes called 
perchloric and oxichhric ; but these last terms do not seem so 
suitable as tfie first. 
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Another class of acids exists in which sulphur is united with 
thfe other element in the plaCe of oxygen. The acids thus 
formed are called The names (ff the correspond- 

ing oxygen acids ar^ sometiines applied •to. these, with the 
prefix as sulpho^cerBenims mid ^pho-arsenic acids, which 

resemble arsenious and arsenic acids r^pectively in composition, 
but contain sulphur instead of oxygen. Lastly, certain sub- 
stances, such as chlorine, sulf hur and cyanogen, form acids 
with hydrogen, which are called hydrogpn acWs, or hy dr acids. 
In these acid compounds the names of both constituents appear 
as in'the terms hydrochloric addy hydrooulphvHc acidy BX)^hydro^ 
cyanic add, . Th^nard has lately altered these, names to chlor^ 
hydric, julphohydric SLad cyanhydric adds, which ifTejcertainly 
preferable terms. 

2. — Compounds of the second order,* or salts, are named 
according to the acid they contain, the termination ic of the 
acid being changed into atCy and ous into ite. Thus a salt of 
sulphuric acid is a sulphate ; of sulphurous acid, a sulphite ; of 
hyposulphurous acid, a hyposulphite ; of hyposulphuric acid, a 
hyposulphate i and of hyperchloric acid, a hyperchlorate^i and the 
name of the oxide indicates^ the species, as»the sulphate of the 
oxide of silver, or the sulphate of silver, for the ^ oxide of the 
metal being alvrays understood it is unnecessary to express it, 
unless when more than one oxide of the same metjl combines 
with acids, as sulphate of the protoxide of iron, and sulphate of 
the peroxide of iron. These salts are sometimes called proto- 
sulphate and persulphate of iron, T^e^ the prefixes proto and 
per refer to the degrfee of oxidation of the iron. The two 
oxides of iron are named ferrous oxide and ferric, oxide by 
Berzelius, and the sjlts referred to, the ferrous sulphate, and 
the ferric sulphate. The names stannous sulphate and stannic 
sulphate express in the saipe way, the sulphate of the protoxide 
of tin, and the sulphate or the peroxide of tin. But such 
names, although truly systematic and Replacing very cumbrous 
expressions, involve too great a change in chemical nomencla- 
ture to be speedily adopted. Having found its way into com- 
mon language, chemical nomenclature^ can no longer be altered 
materially without great inconvenierfee. It must be learned as 
a language, aiid not*be mwed and treated as the expression of 
a system. A ^jber-sulphfete contains a greater proportion of 
acid than the sulphate or neutral sulphate; a ii-sulphate twice as 
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much^ and a «^^$^ 2 ^i>sulphate once aild a half as much as the 
neutral sulphate ; whil^ a ^^sulphate contains a less proportion 
than the neutral (salt ; the prefixes referring in all cases to the 
proportion of acid ip the salt, cur to the ^hctro-negative ingre- 
dient, as in the case of o;^ides. TJi® excess of base ir; sub-salts 
is sonietimes indicated by trreek prefixes expressive^of quantity, 
as £?i-chromate of lefid, /m-acetate of lead, but this deviation from 
rule'^ST apt to l?,ad to confusion. If a precise expression for 
such subsalts w,ere reqijLired, it would be better to say the 
bibasic subchrorja^e ofWd, the tribasic subacetate of lead. But 
the n|imes of both/ acid and basic salts are less in accordance 
with correct views of their constitution, than the names of any 
other class of compounds. ‘ ^ 

Combinations of water with other oxides are called hydrates^ 
as hydrate of potash, ^hydrate of boracic acid. 

. 3.— -In the names of quarternary compounds or of* double 
salts, the names of the constituent salts are expressed, thus : 
sulphate of alumina and potash is the compound of the sulphate 
of alumina with the sulphate of potash ; tartrate of potash and 
soda, thcc compound of the tartrate of potash with the tartrate of 
soda ; the name of cthe acid being expressed only once, as it is 
the same in both of the constituent salts. The names alum 
and Rochelle salt which have been assigned by'^eommon usage to 
the same double salts, are likewise received in scientific language. 
The chloriSe of platinum and expresses, in the same 

way a compound of chloride of platinum with chloride of potas- 
sium. An oxichloride, sucSi as the oxichloride of mercury, is a 
compound of the oxide with the chloride of the same metal. 

The present nomenclature dofes not furnish precise expres- 
sions for many new classes of compounds, the existence of 
which was not contemplated by its inventors, and many of its 
names express theoretical views of the constitution of bodies 
which arfe doubtful, and not admitted by all chemists. But its 
deficiencies are supplied, and the composition of bodies more 
accurately represented, in certain written expressions, or chemi- 
cal formulae, which are also employed to denote^particular sub- 
stances, and which form a valuable supplement to the nomen- 
clature still generally* usecL These formulae are constructed on 
the simplest principles, and besides supplying the defieierieies 
of the old nomenclature, they at once exhibit to the eye the 
composition^ of bodies, and afford a mechanical aid in observing 
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relations in composition, of the same l|ind as the use of figure® 
in‘ the comparison of arithmetical sums* 

Symbols of the elements. Each elementary^ substance is re- 
presented by the initial letter oi^ its Latin n^e as will be seen 
by referdlice to Table % page 94 ; ^ut when the names of 
two or more elements begin with the^me letter, a second in a 
smaller character is added for distinction ;• thus oxygen is re- 
presented by the letter O, the nletal osmium by.Os, fluoriiiE r5y F, 
andiron (ferrum) by Fe ; small letters, it is to^ observed, never 
being significant of themselves, but em^loyedT anly in connexion 
with the large letters as distinctive adjuncte. These jiyjnbols 
represent, at the same time, certain relative quantities of the 
elements, the letter O expressing not oxygen indefinitely, but 
100 parts by weight of oxygen, and Fe, 339 parts by weight of 
iron, or ajjy other quantities of these two •substances which are 
in the ‘proportion of these numbers; 8 parts of oxygen, for in- 
stance, and 27 . 1 8 of iron. It nvill immediately be explained 
that the elementary bodies combine with each other inxertain 
proportional quantities only, which may be expressed by one 
or other of the two series of numbers placed against tjie names 
of the elements in the tables (pages 94, 95,# 96). These quanti- 
ties are conveniently spoken of, as the equivalent quantities, or 
equivalents^ combining proportions or proportions oT the elements.* 
The symbol or letter, of itself representing one equivalent of the 
element, several equivalents are represented by repeating the 
symbol, or by placing figures before it, {hus Fe*Fe, or 2 Fe, and 
3 O, which mean two equivalents l^f iron and thisee of oxygen ; 
or small figures are placed either above or below the symbol, 
and to the right, thus Fe% O*,. orFcj, O 3 , which expressions 
are of the same value as the former, but are used only when 
symbols are placed together in the formulce of compounds. 
Two equivalents of an element are often expressed by placing a 
dash through, or under its symbol, as 2 C, by ■€ or C,* but such 
abbreviations will not be made use of ki the present work. The 
substance represented by any symbol, which occurs to the reader 
in the following pages, naay be learned by reference to the alpha- 
betical arrangement; of symbols, page 96* 

Fomiuke of compounds. The collocation of symbols ex- 
pr^l3ses combinatioii ; thus Fe O represents a compound of 
one equivalent or proportion of iron, and one of oxygen, 
or the protoxide of iron ; SO3, a compound (jf one equiva- 
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lent of sulphur, and ti»ee of oxygen, that is one etphralent 
of sulphuric acid ; afid sulphate of iron itself consisting of 
one equivalent of each of the preceding compounds, may be 
represented as follows : , 

Fe jO S O3, or 
Fety+S 03 ,or 
Fe O, S O3, 

The’'s?gn plus (rF) or the corfma, being introduced in the 
second and third formulsB, to indicate a distribution of the 
elements of the sm into*" its two proximate constituents, oxide 
of iro^,^and sulpht2ric acid, which is not so distinctly indicated 
in the first formula. It may often be advantageous to make 
use of both«the comma and the plus sign in the same formula, 
and then it would be a beneficial practice to use them as in the 
following formula for^'the double sulphate of iron and, potash : 
FeO, S03+^K0, S03, 

in which the comma is employed to indicate combination more 
intimate in degree, or of a higher order than the plus sign, 
namely, of the oxide with the acid in each salt, while the com- 
bination «df the two salts themselves is expressed by the 
sign +. ^ 

The small figures in the preceding formulae affect only the 
•symbol or letter to which they are immediately attached. Larger 
figures placed before and in the prae line with the symbols apply 
to the compound expressed by the symbols. Thus 3 S O3, 
means three equivalents ,^f sulphuric acid; 2 Pb O, two equiva- 
lents of oxide^of lead. But file interposition of a comma or plus 
sign prevents the influence of the figure extending farther, thus 
2 Pb O, Cr-O;, or 
2 Pb 0 +Gr 03 , 

is two proportions of oxide of lead, and one of chromic acid, 
or the sub-chromate of lead, To loake the figure apply to 
symbols separated by the comma or plus sign,* it is necessary 
to enclose all that is to be affected within brackets, and place 
the figure before them. Thus, 

2 (Pb O, Cr O*) 

means two proportions of the chromate of lead^ The following 
formulae of two double salts with their water of ervstallization, 
exhibit the application of these rules : 

Iron-alum, or the sulphate of peroxide of iron and potash,; 

C KO, 80., + Feg O3, 3803 + 24 HQ 
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Oxalate of peiroxide of iron and potash, 

3 (K O, Cg O 3 ) + Pfe 2 O 3 , 3 OaH-G HO. 

It will be found to conduce to perspicuity, ti avoid either con- 
necting two formulfi^ of dilfeiaent substances not in combina- 
tion, by%he sign plus, or allowing thorn to be separated merely 
by a comma, as the plus and comm^ betto^ symbols or for 
mulfiB are conventionally 'understood to umte the formula into 
one, and to express combinalionj and indeed it is advisable to 
write every complete formula apart, ^d iiya line by itself, if 
possible. ' ^ 

The only other circumstance to be attenddh to in the ijomstruc-^ 
tion of such formulae is the arrangement of the symbols or letters, 
which is not arbitrary. In naming a binary comI)ound, such 
as oxide of iron, chloride of potassium, etc. we announce first 
the oxygfgi or element most resembling it*in the compound, and 
which is called the electro-negative ingredient ; but in the for- 
mulee of the same bodies, it is fhe other or the electro-positive 
element which is placed first, as in Fe O, and K Cl. In the 
formulffi of salts, it is likewise the electro-positive constituent 
or the basic oxide which is placed first, and notf the acid. 
Thus the sulphate of potasji is K O, S and not S O3, K O. 
Information respecting the constitution of a compound may 
often be expressed in its formula, by attending to this rule. 
Thus sulphuric acid of specific gravity 1.780, contajns two pro- 
portions of water to one of acid, but by giving^ to it the follow- 
ing formula, % 

H 0 ,S 03 +H 0 , 

we express that one proportion only of water is combined as a 
base with the acid, and that tlie ‘second proportion of .water, the 
formula of which fgllows that of the acid, is in combination 
with this sulphate of water. ' 

The above system of potation is complete; and sufficiently 
convenient for representing all binary compounds, and com- 
pounds belonging to the organic depifirtment of the science, in 
the formuhe of which the ultimate elements only are expressed. 
But when salts and double salts are expressed, the formula? 
often become inconveniently long. They may often be greatly 
abbreviated, and made more distinct by expressing each equi- 
valent of oxygen in*an oxide or acid by a dot placed over the 
symbol of the other elemeilt, thus, 
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Protoxide of iron, Fe 
Sulphuric acid, S 

Crystallized sulphate»of protoxida of iron, Fe S, H+6H 
Alum, k s, Al 'Al 83+2^11 
Felspar, k Si, Al Af Sis 

Oxalate of peroxide of iron and potash, 3 K CC + FeFe, 3 CC + 6H 
Such formulsB ar6y^mor^ compact, and more easily compared 
witii each other, th^ relation between the mineral felspar and 
.alum without its water of crystallization, being seen at a glance 
on thus placing their formul® together, the one halving the 
symbol for silicon, the other that for sulphur, but everything 
else remaining the same. This abbreviated plan £dso exhibits 
more distinctly the relation between the equivalents of oxygen 
in the different constituents of a salt, which is always im- 
portant. 

It is to be observed, that the oxygen expressed by the dots 
placed over a letter is brought under J^e influence of the small 

figure attached to thqt letter, as for example, S3 in the preced- 
ing formula of alum, means threfe proportions of sulphuric 
acid, so that this sign has the same value as if it were writ- 
ten 3 S, 

Equivalents of sulphur are likewise sometimes expressed by 
'commas placed over other symbols, as the trito-sulphuret of 

»f»,i 

arsenic by As, but such compounds are not of constant occur- 
rence like the oxides, and do not create the same necessity for 
any new and arbitrary symboF. A compound body, such as 
cyanogen, which combines with a numerous series of other 
bodies is often for brevity expressed by the initial letter of its 
name, as ^ 

Cyanogen , Cy, 

Benzbyle Bz ; 

and the organic acids are sometimes expressed by a letter in the 
same way, but with the minus sign (~) placed over it, thus, 

Acetic acid, hy A 
Tartaric acid, by T, 

But arbitrary characters of this kind will always be explained, 
on the occasipn of their introduction. 
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All analyses prove that the composition .of bodies is fixed 
and invariable : 100 parts of water are uniformly composed of 
11.1 pai|^ by weigh! of Hydrogen, and 8*8.9 parts of oxygen, 
its constants never varying eithenm' nature or proportion. 
This and other substances may eitfst in dh iiypure condition, 
from an admixture of foreign matter, but their own composition 
remiuns the same in all circumstances. It is'this constancy in 
the composition of bodies which gives/ to cjl^mical analyses all 
their value, and rewards the vast care ]|^ecessarily bestoTred 
upon their execution. 

An examination of the composition of any cl^gg of bodies 
containing an element in common, such as the oxides, shows 
that any one elefnent unites with very different quantities of the 
other elefhents. Thus in each of the five oxides, of which the 
composition is given below, tfi© oxygen and other constituent 
appear in a different relation to each other. 


Composition of Oxides. 


* Water, 

Oxide of Copper. 

Oxide of Zinc. 

Ox}^ of Lead. 

Oxide of surer. 

Oxygen . . 88.9 
Hydrogen . 11.1 

Oxygen . 20.2 
Copper . 79.8 

Oxygen . 19.1 
Zinc . 80.9 

Oxygen . 7.2 

Lead . /)2.8 

6xygen . 6.9 
Silver . 93.1 

100 

100 

lOoj 100 

100 

» 


But the relation between the oxygen and ,the other consti- 
tuent in these oxides will be seen nctore distinctly by stating 
their composition in such a way as to have the oxj'gen expressed 
by the same number in every case, or made equal to 100 parts. 
Thus, * • , 


Water. 

Oxide of tapper. 

Oxide of Zinc. 

Oxide of Lead. 

Oxide of Silver. 

Oxygen . 100 
Hydrogen . 12.5 

Oxygen 

Copper 

. 100 
. 896* 

Oxygen » 100 
Zipc . 408 

Oxygen 

Le^ 

. 100 
. 1294 

Oxygen . 100 

Silver . 1352 

112.5 


496 

503^ 


1394 

1452 


Prom which it fallows, that 

12.5 parts of hydrogen, 
396 parts of copper, 

403 parts of zinc, • 

1294 • parts of lead, 

1352 parts of silver, 
combine with 100 parts of oxygen. 


10^ COMBINING PROPORTIONS. 

I 

These numbers prove to be in some degree characteristic of 
the substances to which they are here attached, for when the 
composition of tie sulphur ets of the same substances is ex- 
amined, it is found .«that exactly corresponding quantities of 
hydrogen, copper, &c. hkewise combine with one and^Jne same 
* quantity of sulphur, ^altho^h not with 100 parts of that element 
as of oxygen. ' The conclusion from an examination of the 
sulphurets is, that . ' 

12^^ partg of hydrogen, 

396 parts of copper, 

403 parts of zinc, 

1294 parts of lead, . 

1352 parts of silver, 

combine with 201 parts of sulphur. An examination of the 
chlorides of the same five elements likewise proves, thal 

12.5 parts of hydrogen, 

396 parts of copper, 

403 parts of zinc, 

1294 parts of lead, 

1352 parts of silver, 

combine with 442 parts of chlorine. Hydrogen, copper, &c. are 
indeed found to unite in the proportions repeated in these 
tables with ^ certain or constant quantity of all other elements, 
as for example, with 978 bromine^ with 1579 iodim, etc. 

On extending the inquiry to other substances, it appears that 
for each of them, a number may be found which expresses in 
like manner, the proportion in which that substance unites 
with 100 parts of oxygen, 201 of sulphur, 442 of chlorine, 
&c. These numbers constitute the combining proportions, or 
equivalent quantities of bodies, which . we introduced in the 
tables of the names of the elements . at the beginning of this 
chapter, and which are the quantities understood to be ex- 
pressed by the chemical Symbols of these bodies. Any series 
of numbers may be chosen for the combining proportions, pro- 
vided the true relation , between them is preserved, as in the 
second series of numbers given in the same tables, which are 
all 12i times less than the‘‘ numbers of the first series. The 
second series expresses particularly the proportional quantity of 
each of the elements, which unites with one part of hydrogen, 
the element, the combining proportion of which is the smallest, 
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and is on that account taken here as ^unity. But the otlier 
series which is the most convenient, being adopted, it may then 
be stated in general terms that the combinvJ^ proportion of a 
simple substance represents the^quantity ofyihat substance which 
combine^ith \ 00 parts of oSby gen to Jgirm d protoxide. 

The first law of combination is, that b^idies unite with each * 
other in their combining proportions only, or in multiples of 
them, and in no intermediate proportions. •This law maybe 
illustrated by the compounds of nitrggen ^d oxygen, which 
are five in number, and are composed as fouows : 


Protoxide of nitrogen 
Deutoxide of nitrogen 
Nitrous acid 
Peroxide j)f nitrogen 
Nitric acid 


Nitrogen 177? oxygen 100 
Nitrogen l77?-^ygon 200 
Nitrogen 177? oxygen 300 
Nitrogen 177? oxygen 400 
Nitrogen 177? oxygen 500 


The first compound consists* of a single combining pro- 
portion of each of its constituents. But in the other com- 
pounds a single proportion of nitrogen is united with quantities 
of oxygen which correspond exactly with two, thred^ four and 
five combining proportioi^ of that elerftent. In the greater 
number of binary compounds, one of the constituents at least is 
present in the proportion of a single equivalent, like the nitrogen 
in this series, while the other constituent, generalljfc the oxygen 
in oxides, and the electro-negative element in pther compounds, 
is present in a multiple of its conjbinkig proportion. But the 
number of combining proportions which may enffer into a com- 
pound, is subject to considerable variation as will appear from 
the following examples. 


One proportion oxygen + * One jiroportion 
Two proportions oxygen + One „ 

One proportion oxygen + Two proportions 
One „ sulphur + Three 
Two proportions sulphur + Two „ 

»» iron + Three „ 

Two „ su^hur + Five „ 

Two „ manganese + Seven „ 


hydrogen, forms water, 
hydrogen, form peroxide of hydrogen, 
copper, forms suboxide of copper, 
oxygen, „ sulphuric acid, 
oxygen, form hyposuiphurous acid, 

oxygen, „ peroxide of iron, 

oxygen, „ hyposulphuric acid, 

oxygen, „ hypermanganic acid. 


Representing the constituents of a binary compound by A 
and B, the last being the oxygen or electro-negative constituent, 
the most frequent combination is A+B, then A-f-2B, A-fSB, 
andA+5B. The combination of 2A-fSB, is not unfrequent, 
but 2A+B, A+4B, A+7B, 2 A-I-2B, or 2A-f 5B are of com- 
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paratively rare occurrqpce. Combination between two ele- 
ments is not known to occur in more complicated ratios than 
the preceding, if die compounds of carbon and hydrogen be 
excepted, wliich aret^numerous and exhibit great diversity of 
composition, like the‘'%>Qi^jpounds*of organic chemisCry gene- 
•rally, to which they properly belong. 

Combination likewise takes place among bodies which are 
tliemselves compound, in proportional quantities, which are 
fixed, and determii^d by the law, that the combining number of 
a ccmpound body is^always the sum of the combining numbers 
pf its conrtituents. ^ Thus oil of vitriol, which is a combination 
of water and sulphuric acid, is composed of these bodies in the 
proportion oY 

Water . 112.5 

Sulphuric acid 501 

in which the combining proportion of the water (112.5) is the 
sum of the proportions of its constituents ; namely, of oxygen 
100 and of hydrogen 12.5; and that of sulphuric acid (501), of 
those of sulphur 201 and of oxygen 300, there being three pro- 
portions ol oxygen in sulphuric acid. The combining propor- 
tion of oxide of zinc is 503, the suvn of oxygen 100 and zinc 
403, and the compound of this oxide with sulphuric acid, or 
the salt, sulphate of zinc, consists of 

Oxide of zinc . . 503 

Sulphuric acid . . 501 

1004 

Of potash, the combining proportion is 590, or oxygen 100 
added to potassiimi 490, and tor this proportion of potash the 
usual proportion of sulphuric acid is attached in the sulphate of 
potash, which is composed of 

Potash . . .. 590 

Sulphuric acid . 501 

1091 

Of these salts themselves, the combining proportions ought to 
be the sums obtained by the addition of the numbers of their 
constituents ; and accordingly the double sulphate of zinc and 
potash consists of ^ 

Sulphate of zinc . 1004 

Sulphate of potash . 1091 

2095 
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Of nitric acid the constituents are one proportion of nitrogen 
1-77, and five of oxygen 500, inakinf together 677, which 
is the combining proportion of that acid,/ and is found to 
unite with 112.5 watur, with 503 oxide o^inc, and with 51)0 
potash, (h with the same quantities Oj^brae oxides as combine 
with 501 sulphuric acid. Carbonic acid composed of one 
proportion of carbon 76, and two proportions of oxygen 200, so 
that its combining number is 57^*5 which proportion it miites 
with 590 potash, to form the carbonaj^e of ^ash. The equi- 
valent quantities of all other acids and base/ correspond in j^ke 
manner with the numbers deducible from^ their conifKisition. 
Indeed the law is found to hold in compounds of every class and 
character, and whether they contain few or many etltSElyalents of 
tlicir elements. Thus of the vegeto-alkali morphia, which con- 
tains a laT^e number of equivalents, the “combining proportion 
is the high number 3586, which is the sum of thirty-four pro- 
portions of carbon 25B4, eighteen proportions of hydrogen 225, 
one proportion of nitrogen 177 ? and six proportions of oxygen 
600 ; 3586 morphia being found to unite with 501 sulphuric 
acid, or a combining proportion of that acid, to for<ft the sul- 
phate of morphia. 

Compound bodies likewise unite among themselves in mul- 
tiples of Jheir combining proportions, as welf as in single 
equivalerfts. Thus 590 potash combine with 652 c^^romic acid, 
and with double that quantity, or 1304 chromic acid, to form 
the yellow and the red chromates of patash ; the first contain- 
ing one equivalent, and the second two equivalenti? of acid. The 
occurrence of multiple proportions was well illustrated by Dr. 
Wollaston in the carbonate anti bicarbonate ofpotash>. A quan- 
tity of the latter salt being divided into equal parts, one half was 
exposed to a red heat, by the eiFect of which the salt lost some 
carbonic acid and became jieutral carbonate, and both portions 
being afterwards decompose*d by an acid, the salt in its original 
condition was found to afford a meagre of carbonic acid gas 
exactly the dopble of that yielded by the portion exposed , to 
the high temperature. By experiments equafiy simple and 
convincing, he proved that in the three salts formed by oxalic 
acid and potash, the quantities of afiid which combine with the 
same quantity of all&li are rigorously among themselves as the 
numbers 1, 2, ^nd 4. The composition of all other super and 
sub salts is found to be in conformity with the same law, one of 
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i lic constituents being always present in the proportion of two 
or more equivalents. 

The combining^ proportions of compound bodies depend 
entirely therefore those of Jtlicir cony.tituents, or upon the 
equivalents of the eU^hk:intary bodios. The mode of de«iermining 
tliese fundamental ^equivalents generally consists, as may be 
anticipated, in hscertaining the quantity of any element which 
exists united witlv 100 parts of oxygen in the protoxide of that 
clement, which (jw^.ntity j^s viewed as a single equivalent. Thus of 
hyfjrogen and lead, Uic protoxides are water and litharge, in whicli 
respeetii^ely 100 oxS'gcn are associated with 12.5 hydrogen and 
1294 lead, whicli numbers arc therefore single equivalents of these 
elementary* Substances. But the diffiimlty still remains to know 
what is a protoxide ; for the rule is not followed in all cases to 
consider that oxide of an element as the protoxide whitvh contains 
the least proportion of oxygen. When only one oxide is known, 
it is presumed to be a protoxide and composed of single equiva- 
lents, unless it corresponds in properties with a higher degree 
of oxidation of some other element; and of several oxidejs of 
the same Uement that containing least oxygen is viewed as the 
protoxide, unless a higher oxide lu|j} better claims to be con- 
sidered as such. Hence magnesia and oxide of zinc being the 
only oxides oi magnesium and zinc known are p-otoxides ; 
and water, .litharge, potash, soda, lime, and protoxidb of iron, 
which are all thejowest oxides of different metals, arc admitted 
without ohjection to be/ protoxides, and become standards of 
comparison fdr tliis class of bodies ; while alumina, the only oxide 
of aluminum, diflering entirely from the protoxide of iron but 
closely resembling the peroxide of that metal, is considered a 
peroxide of similar constitution, or to contain three equivalents 
of oxygen and two of metal. Now in alumina 300 oxygen, or 
three equivalents, are united with 342 aluminum, one half of 
which number, or 171, is therefore’the equivalent of aluminum. 
The true protoxide of a\ummum, if it is capable of existing, 
still remains to be discovered. The first degree .of oxidation of 
chromium, or the green oxide, is likewise a peroxide and not a 
protoxide, being analogous to alumina and the peroxide of iron. 
Oil the other hand the second degree of oxidation of copper, or 
the black oxide, , and not the first degree 'of oxidation of that 
metal, must be vic\ved as the protoxide, or as composed of 
single equivafents, from its correspondence with the protoxide 
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of iron and a large class of admitted urotoxides. The lower 
degree of oxidation of copper or oxide^ which contains 

only .half the proportion of oxygen in the j^ack oxide, comes 
therefore to be considered a i^nb oxide, orjfe compound of two 
equivalents of metal and one 6f oxygejiirHFor reasons somewhat 
similar the higher of the two grades of oxidation of mercury, 
or the red oxide of that meta^, is now generalfy acknowledged 
to be the protoxide or to be composed of single equivalents, 
and the ash coloured oxide reputed a^sub rifide. These sub- 
oxides of mercury and copper are capable ^of combining vrtth 
acids, but they are the only sub-oxides which posb^sl^ that* 
property. It is the character of protoxides to form salts with 
acids ; and of several oxides of the same metal, the protoxide is 
always the most powerful base. 

Bodies likewise replace each other in combination, in equiva- 
lent quantities. Thus in the decomposition of water by chlo- 
rine, which occurs in certain circumstances, 442 parts of chlo- 
rine unite with 12.5 hydrogen or one equivalent of that body, to 
form hydrochloric acid, and displace at the same time and 
liberate 100 parts of oxygen. Hence the number 442 repre- 
sents the combining proportion of chlorine which is equivalent 
in combination to, or can be substituted for 100 ^xygen. Again 
in decomposing hydriodid acid, 442 chlorine unite with 12,5 
hydrogen, and liberate 1580 iodine, which proportion of iodine 
may again acquire 1 2.5 hydrogen by decomposing sulphuretted 
hydrogen and set free 201 sulphu)^ Hence 1580 and 201 are 
the equivalent quantities of iodine and sulphur, wliicli take the 
place of 442 chlorine or 100 pxygen in combination with 12.5 
hydrogen. When 403 parts of zinc are introduced into a 
solution of nitrate ^f copper, they dissolve, acquiring 100 
oxygen and 677 nitric acid, and become nitrate of zinc, while 
3^6 parts of metallic copjxjr ,are deposited, which had previously 
been in the state of nitrate and in combination with the above- 
mentioned quantities of oxygen and nitric acid, and the solu- 
tion remains otherwise unaltered. Zinc throws down nearly all 
the metals from their solutions in acids in the same , manner, 
and if the quantity of this substance introduced into the solu- 
tions and dissolved^ be a combining proportion, as in the 
instance given, the quantities of the metals precipitated will also 
be combining proportions of those metals. The quantity of 
zinc employed may be varied, but the quantity df other metal 
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precipitated will still b(j to the quantity of zinc dissolved, in the 
ratio of the coinbining^ T^iwsibers of the two metals. Lead, 
copper, tin, or aiJr other metal, when it acts like zinc as a 
precipitant, likcwisl^ throws down equivalent quantities of 
other metals, and takj^SK^ir place In the pre-existing c\5mpound. ‘ 
* 'JThe substitution in r saline compound of one metal for another, 
which thus orxairs, without any ^liange in the character of the 
compound, sJiowj^ how justly the combining proportions of 
bodies are also terV^ied* t}>eir equivalent quantities or equivalents. 
The metal displaced and that substituted for it, have evidently 
tthe safiic* value in the construction of the compound, and are 
truly equivalent to each other. 

The equivalent proportions of such oxides as are bases, are 
ascertained by finding what quantity of each saturates the known 
combining proportion of an acid. Thus to saturate SOl parts, or a 
combining proportion of sulphuric acid, the following proportions 
of difForent bases are requiwsite, and are equivalent in producing 
that effect ; 


Magnesia . . 

. 258 

Lime . . . 

. 350 

Soda 

. 391. 

Pr 9 toxide of manganese 

. 445 

Potash 

. 590 

Strontian 

. 647 

Barytes . ... 

. 956 

Protoxide o# legd 

. 13,94 

Oxide of silver 

. 1450 


The addition of these bodies to, sulphuric acid in the above 
proportions destroys its sour taste and other properties as an 
acid, of whicli the most characteristic is that of reddening cer- 
tain vegetable blue colours, such as litmus. Tlie acid is said to 
be neutralized or saturated, and, the product or compound 
formed is a neutral salt which does not alter the blue colour of 
litmus. Of the bases mentioned, magnesia has the greatest 
saturating power, and oxide of silver the least*; the proportion 
of these bases necessary to saturate the same quantity of sul- 
phuric acid being 258 of the former, and 1450 of the latter. 

Conversely the equivalent proportions of acids are the quan- 
tities which neutralize the known equivalent of any base or 
alkali. Thus 590 parts of potash, or a combining proportion is 
deprived of fts alkaline properties, of which the most obvious 
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arc its caustic taste and power to restor^ie blue colour of red- 
dened litmus, by the following ‘ pw^jffrtions of different acids, 
and a neutral compound or salt produced in ^ery case : 


Sulphurous acid • 
Sulphuric acid 
Hydrochloric acid 
Nitric acid . ‘ 

Chloric acid 
Hyperchloric acid 
Iodic acid 
Hyperiodic acid 


401 

501 

r 4;‘W.5 

• >>12 
. # 1 142 

. 2278 


It thus appears that the acids differ as widelj^ aniitng them- 
selves in their equivalent quantities as th<i bases do. The equi- 
valent of fither an acid or base thus deduced from its neutral- 
izing power is always the sajne as that indicated by its 
composition, namely the sum of the equivalent numbers of its 
constituents. As the liases which saturate acids fully are 
all protoxides, it also necessarily follows that there arc always 
100 parts of oxj'geii contained in tlie proportion of base whicli 
neutralizes the equivalent ^f an acid. 

The equivalents of both acids and bases are likey’ ise observed in 
those decotnpositions in which one acid is substituted for another 
acid in colnbination, or one base for another basC. Thus an 
equivalent of sulphuric acid is found to disengage the equivalent 
quantity exactly of sulphurous acid from the sulphite of soda, 
of nitric acid from the nitrate of potash or of hydrocliloric acid 
from the chloride of sodium, .and to replace it in combination 
with the base, forming in every case a neutral sulphate. 
An equivalent of pofash separates in like manner an equivalent 
of magnesia, of lime, of liarytes or of protoxide of lead from its 
combination with an acid.’The proportion of acid or Imse neces- 
sary to produce a certain amount of Recomposition may there- 
fore be calculated from a knowledge of the equivalents of 
bodies, and sifch knowdedge comes to be of the most frequent 
and valuable application for practical purposes. 

But the substitution of equivajent quantities of different 
bodies for one anotjier is most strikingly exhibited in tlic de- 
compositions whidh follow the mixture of certain neutral salts. 
^An equivalent of sulphate of magnesia being mixed wdth an 
equivalent of nitrate of barytes, the two bases cxcliange acids, 

i 2 
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the original salts disiippear completely and two new salts are 
produced, the sulphate (JifJw^'tes which is insoluble and preci- 
pitates, and the nlyTate of magnesia which remmns in solution, 
as represented in tii;^ following diagrram in* which the equiYalent 
quantities are expressfeikv-j. 

Before osition. After decomposition. 

759 sulphate f 258 magnesia e . . 935 nitrate of 

of magnesia 1 5 01 sulphuric acid . magnesia. 

.1034 nitrate f acid . . 

of barytes \ 93)*7 barytes . . 

t 1458 sulphate 

of barytes. 

After afc,*H6uble decomposition of this kind, the liquid remains 
nmtraly or there is no redundancy of either acid or base, because 
each of the new salts is composed of a single eqijivalent of 
acid and of base like the salts from which they are formed. If 
one of the salts be added in a larger proportion than* its equi- 
valent quantity the excess does not interfere with the decom- 
position, and remains itself unaffected, the decomposition pro- 
, ceeding no farther than the equivalents present. Hence the 
general observation that neutral .sa]ts continue neutral after 
decomposition, in whatever proportions they may be mixed. 

But the modW of fixing the equivalent numbers which have 
been stated ^re inapplicable to several elementary bodies, such 
as nitrogen, phosphorus, carbon, boron, silicon and some me- 
tals, of which the protoiddes are not bases and are uncertain. 
Nitrogen eiitets into nUric acid, of which acid it is known that 
the equivalent is 6*7 7 j and that it contains five equivalents or 
500 parts of oxygen, and consequently 177 parts of nitrogen. 
It is doubtful, however, whether 177 represents one or two 
equivalents of nitrogen. But the equivalent of ammonia like- 
wise contains 177 nitrogen, and a less proportion is never found 
in the equivalent of any other compound into which that ele- 
ment enters. The numbdr 177 is^ therefore, the least combining 
proportion of nitrogen, and must on that accour^t be taken as 
one equivalent. The equivalent of phosphorus can be shown . 
on the same principle to be 392,28, that of arsenic 940.08 and 
that of antimony 1612.90, sis given in the tables, and not the 
halves of these numbers as commonly estiniated. These three 
bodies agree with nitrogen in their chemical relations, and the 
numbers recommended represent the quantities which replace 
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177 nitrogen in analogous compounds. equivalent of car- 

bbn may be deduced from tile equivalent of its com- 

pound, carbonic acid. But the equivalents *k boron and silicon 
cannot be fixed upoA with the same cer^nty, owing to the 
doubt wifich hangs over thd equivalife^^ of boracic and silicic 
acids. 

Of the facts which involvq the principle of combination in 
definite and equivalent proportions the last mentioned appears 
to have been the first observed and expjjained ^ Wenzel of Frey- 
berg in Saxony so far back as 1777 made a?^ analysis of a gneat 
variety of salts with surprising accuracy, winch enablcfMurn to< 
perceive that the neutrality which is observed after the mutual 
decomposition of neutral salts depends upon this, that.the quan- 
tities of different acids which saturate equal weight of one 
base will also saturate equal weights of any otlier base. 

Richter of Berlin confirmed and extended the observations of 
Wenzel, attaching proportional numbers to the acids and bases, 
and remarking for the first time that the neutrality does not 
change during the precipitation of metals by each other, and 
also that the proportion of oxygen in the equivalents of bases 
is the same in all, and ma^^ be representecl by 1 00 parts. But 
the first foundations of ^a complete system of equivalents, em- 
bracing both simple bodies and their compounds were laid by 
Dalton, at the same time that he announced his atomic theory.* 
The observation that the equivalent of a compound body is the 
sum of the equivalents of its constituehts, and the discovery of 
combination in multiple proportions aft peculiarly his. Dr. 
Wollaston afterwards adapted the more important equivalents 
to the common sliding rule of Gunter, by means of which, pro- 
portions can be observed without the trouble of calculation. 
This instrument, which is known under the name oi the scale of 
chemical equivalents^ contriljuted largely to the diffusion of the 
knowledge of the proportional numbers, but is not itself of 
much practical value. * 

The numerical accuracy of the equivalents assigned to bodies, 
depends entirely upon the exactness of the chemical analyses 
from which they are deduced. The^ generally received series of 
numbers, which is^ adopted in this work, was drawn up by 
Berzelius from data supplied in a great measure by himselfv 

* New system of Chemical Philosophy, 1807. ^ 
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The consideration of ^e laws of Wenzel and Richter, which 
were long overlooked ot^oj^iinderstood, was revived by him^ 
and by a series of^nalytical researches unrivalled for their ex- 
tent and accuracy first impressed upon chemistry the cha- 
racter of a science or^^^jnber and quantity, which ik now its 
• highest recominend^.tion. Several of Berzelius’s numbers 
received a valuable confirmation from Dr. Turner, whose in- 
quiries were especially directed to test an hypothesis respecting’ 
them, advocated som^ of his contemporaries; namely, that 
the equivalents of ^nll tlie elements are multiples of the equiva- 
lent of kydrogen, and consequently if that equivalent be made 
equal to 1, all the others will be whole numbers. Dr. Turner’s 
results arcTincompatible with such a relation among the equiva- 
lent numbers, the existence of which indeed is disproved by ^11 
accurate analyses.* ^ 

Still the existence of a simple* relation between certain equi- 
valents has been pointed out by M. Dumas ; and it is possible 
that the numbers of each of the pairs below, which approach 
so closely, would actually coincide, as they do in one pair, 
were theyMetermined with absolute accuracy. 

Cobalt . . ! 368.99 Platinum . . 1233.5 

Nickel . . 369.68 Iridium . .’ . 1233.5 

Osmium . , . 1244.49 Sulphur . . . 201.17 

^Eq. Gold . . 1243.01 ^Eq, Tellurium. . 200.44 

But these are the only equivalents between which there are 
good grounds^ for su|jposing that any relation exists. The 
identity of the atomic weights of platinum and iridium is the 
most certain, having been experimentally confirmed by Berze- 
lius since it was first asserted by Dumas. 

Of the two series of numbers given' in the tables, the 
first in which oxygen is made equal to 100, and which is 
called the* oxygen series, is the emost convenient, and will 
alone be made use of in the following pages. The numbers of 
this series are so large that the fractional portion may, I believe, 
be safely neglected in computing by them, beifig within the 
unavoidable errors of observation in chemical analyses, and the 
nearest whole number may be adopted, except in the following 
equivalents, although even in them it is unnecessary to go be- 
yond the first decimal figure : 

.1 *■ 

* Philosophical Transactions, 1833, p. 523. 
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Hydrogen * 12.5 

Cerbon . • • 7^.4 

Chlorine . 442.6 

Lead * ^ ^ 

The nrjnbers belonging to, the other or, ^clrogen sc'iies, ;nv 
all twelve and a half times less than thrf corresi)onding uiiinhcrs ^ 
of the oxygen series, into which the formcr^rna}!^ most easily be 
converted by multiplying them by one hundj-ed, and dividing 
the product by eight. Or the numbers of tljjL' oxygen may be 
reduced to the hydrogen scale, which 4nanv prefer, by dividing 
them by one Ixundred, and multiplying tbe^ quotient by ci;^ht. 
ITie numbers of the hydrogen scale are of a lower term, smaller* 
and more easily recollected than the oxygen serie- but their 
fractional portion can seldom be neglected in computing by 
means of them, and the insecurity of the basis on which this se- 
ries rests IS a great objection tq its adoption. There is an actual 
experimental difficulty in determining the equivalent of hydro- 
gen with precision, arising from its extreme smallness ; so that 
tills equivalent itself is more liable to correction and alteration 
than most others, which would necessitate a corresponding 
change throughout the whole scale. 

ATOMIC THEORY. 

The laws of combination and the doctrine of equivalents wlu(*b 
have just been considered, are founded upon tixperirnciital evi- 
dence only, and involve no hypothel^is. The most general of these 
laws were not however suggested by observation, but by a theory 
of the atomic constitution of boilies, in which they arc included, 
and which affords a luminous explanation of them. The partial 
verification which *this theory has received in the cstab” 
lishment of these laws, adds greatly to its interest, and is a 
strong argument in favour of its Irutli. It is the atc/mic theory 
of Dalton, the essential part of width may be stated in a few 
words* 

Although matter appears to be divided and comminuted in 
many circumstances to an extent beyond our powers of concep- 
tion, it is possible that it may not bfe indefinitely divisible ; that 
there may be a limit to the successive division or sccahility of 
its parts, a limit which it may be difficult or impossible to reach 
'by experiment, but which nevertheless exists. Matter may 
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therefore be cqmposS^ of ultimate partiol^s oT. atoms, which are 
not farther divisible^^^d each, of which possesses a certain 
absolute and possibly ^pJffSSable weight. Now qiJfistion 
arises, is the atom^^ every kind of matter of the same Weight, 
or do atoms of di£rk:ent kinds of matter differ in weight? Are 
the ultimate particles, rfe instance, to which charcoal and suh 
plmr are reducible, ?)f the same or of different weights ? Let their 
weights be supposed to be differeait, to be in the proportion of 
the equivalent numbers of sulphur and charcoal, which thus 
become atomic ynkahts^ si^nd so of the atoms of other elementary 
boUies^and the whple laws of combination follow by the simplest 
‘reasoning. Tlie atoms of the elementary bodies may be repre- 


sen ted to tl^e eye by spheres or by circles 

in which their sym- 

bols are ‘inscribed to 

distinguish them, 

as in the following 

examples, with their k 

dative weights. 

< 

Name. 

, Atom. 

Weight of atom. 

Oxygen. 

. . (0) 

100 

Hydrogen 

• • (D • 

12.5 

Nitrogen. 

. • ® 

. 177 

Carbon. 


76.4 

Sulphur . ’ 

• • © • 

201 

Lead. ^ . 


. 1294.5 


Chemical combination takes place between the atoms ol 
bodies, which then come into juxta-position ; and in decompo* 
sition the simple atoms separate again from each other, in pos- 
session of th^ir original properties. The atom or integrant 
particle of a compound body is an aggregration of simple atoms, 
and must therefore have a weight equal to the sum of their 
weights, as will be obvious from the exhibition of the atomic 
constitution of a few compounds. ' 

Atom. Weight. 

Water (oxide of hydrogen) (ff)® ® 12.5 -fl00= J12.5 

Protoxide of nitrogen. t (N)@ 177 +100= 277 

Deutoxide of nitrogen. . ®(6Xo) 177 +p00= 377 

Sulphuric acid. . . 201 +300= 501 

Oxide of lead. . • 1204.5 + 100=1394.5 

Sulphate of lead. . / 1 1394.5 + 500=1895.5 

It is unnecessary to make any assumption as to the nature, 
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sbe, form, or even actual weight of th^atoms of elementary 
bodies, or as to the mode in which the^are grojiped or arranged 
in compounds. All that is known or likely i3ver to be known 
respecting them is their relative weight, ^e atom of oxygen 
is eight tigies heavier than that of hydjrc^T:^ or they are to each 
other as 100 to 12.5, but their actual weights are undeterminccL 
To afford the means of expressing the relative Weights of these 
and other atoms, a number wliich is entirely arbitrary is assigned 
to one of them, namely J OO to the atom o^ioxygen, and then 
the weight of the atom of hydrogen c^n be^ said to be 12.5^ of 
nitrogen l77j of carbon 70.4, of sulphur 201,^and of leadJi294.5. 
A single atom of water contains’one atom of oxygen, (100) and 
one of hydrogen, (12.5) and must therefore weigh 112.5; an 
atom of oxide of lead contains one atom of oxygei^ and one of 
lead, whif^ weigh together 1394.5 ; an atom of sulphuric acid, 
one atom of sulphur and three, atoms of oxygen, which weigh 
together 501 ; and anatom of sillphate of lead, including one of 
each of the preceding compound atoms must weigh 1294.5 -f 
501, or 1795.5. 

'The equivalent quantities being now represented Jt)y atoms, 
it necessarily follows that Ijodies can combine in these quantities 
or multiples of them only, and not in intermediate proportions, 
for atoms do not admit of division. In a serics^ bf several com- 
pounds of the same elements, such as the oxides^ of nitrogen, 
which was formerly referred to in illustration of combination in 
multiple proportions, (page 109) one afom of nitrogen combines 
with one, two, three, four and five a1:omS of oxygen, and a simple 
ratio between the quantities of oxygen in these compounds is the 
consequence. The equivalent of a compound body also is the 
sum of the equivaleijts of its constituents, for the weight of a 
compound atom is the VAught of its constituent atoms. 

By the juxtaposition, separation, and exchange of one atom 
for another in compounds,* all kinds of combination and de- 
composition in equivalent quantities^ may be produced, while 
the substitution of ponderable masses for the abstract idea of 
equivalents renders the whole changes most readily conceivable. 

This theory being adopted as a useful, while it is at the 
same time, a highly probable reptesentation of the laws of 
combination, its tertns atom and atomic weight may be used 
as synonymous with equivalent, equivalent quantity and com- 
bining proportion. 
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M. Dumas is disjfesed to modify the atomic theory so far 
as to allow the divisH ^ty o f the atoms or ultimate masses 
in which a body filters mm combination, and to suppose that 
they are groups o^pore minute atoms, jnto which they may 
be divided by physi;;5;jL Jijut not ,by. chemical forces^> He dis- 
tinguishes the atoms \?^iich correspond with ^uivalents as 
chemical atoms% ancl allowing them to represent truly and 
constantly the least quantities' in which bodies combine, 
still supposes tljat under the influence of heat and per- 
il ags other physical a^ncies, these ' molecules may be sub- 
dmde^into atom^of an inferior order, of which for example, 
’two, four or a thousand are included in a single chemical 
atom.* But surely sucli a view is entirely subversive of the 
atomic theory. It is principally founded on the assumed 
existence of a similatity between atoms in their, cjipacity for 
heat, and in their volume while in the gaseous state, in which 
it would be more natural to advnit a difference among different 
atoms. 

SPECIFIC HEAT OF . ATOMS. . 

The quantity of hCat necessary te raise the temperature of 
equal weights of different bodies a single degree, varies accord- 
ing to their nature, and may be expressed by numbers which 
are tlie cap;ieities for heat or specific heats of these bodies 
([)age 22). This^ difference appears in the numbers for several 
simple bodies placed together in the first column of the table 
below, among which no relation can be perceived. But if the 
comparis on is made between the capacity for heat not ai equal 
weights, but of atomic weiglits 'or equivalent quantities of the 
same bodies, as in the s^scond and third columns of the table, 
then the numbers for several bodies are found to be nearly 
the same, ^ and those of others to bear, a simple relation to each 
other. 

♦ Le(;Dii8 sur la Pliilosophie Cliimiquc, profess<^*es au College de France, par 
M. Dumas, page 233. Paris, 1837. * 
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SPECmC HE^' 

I, in. IV. 

Of equal Of atoms. y atoms. Atomic 
w«ight8. • weights. 

Specific heat. Specific ^eat ; /Specific heat 
of sente of atou^' of atom 

weight of wyi- of water being ^f lead being 
ter being I. 1. 1# 


Lead 

• 

0.0293 

• 

0.3372 


1.0000 


1294.5 

Tin 


0.0514 


0.3358 

• 

(¥9960 


735 

Zinc 

• 

0.0927 


*0.3324 


,0.9850 


403 

Copper 

• 

0.0949 


0.3340 


.0.9908 


^ 39(> 

Nickel 

• 

0.1035 


0.3404 


1.0095 


370 

Iron . 

• 

0.1100 


0.3315 


0.9831 


339 

Platinum 

m 

0.0314 


0.3443 


1.0211 


1234 

Sulphur ^ 


0.1880 


0.3359 

• 

0.9963 


2()1 

Mercury . 


0.0330 

• • 

0.3714 


1.1015 


1266 

Tellurium 


0.0912 


• 0.6501 


1.9283 


802 

Arsenic . . 


0.081 


0.6768 


2.0074 


940 

Silver 

• 

0.0557 


0.6694 


1.9855 


1352 

Gold 


0.0298 

♦ 

0.6565 


1.9531 


2486 

Phosphorus 


;0.385i 


1.3415 

% 

3.9789 

• 

392 

Iodine 


0.089 

• 

1.2500 

• 

3.7074 

• 

1580 

Cobalt 


0.1496 


0.4914 

• 

1.4-574 

• 

369 

Carbon • 


0.25 


0.1698 

• 

0.5036 

# 


76.4 

Bismuth . 


0.0288 


0.2271 


0.6736 


887 


Of the first nine substances which .are all metals, with the 
exception of sulphur, the capacities of the atoms approach so 
closely, that they may be considered as identical ; their capa- 
cities appearing to be all nearly one-third of that of the atom 
of water, in the second column ; and nearly coinciding with 
the capacity of the atoiSti 6f lead, one of their number in the 
third column. The weights of the atoms themselves are added 
in a fourth column, for convenience of reference. *The nine 
substances in question, taken in the i?roportions of their atomic 
weights, wilh^thei^efore, undergo an equal change of tempera- 
ture on assuming an equal quantity of heat. The four metals 
which follow in the table, namely, tellurium, arsenic, silver 
and gold, appear to have an equal •capacity for heat, which is 
double that of lead find the class which coincides with it, while 
the capacity of phosphorus and iodine is four times greater 
^than that of lead and its class. The capacity of the atom of 
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cobalt appears to be^nice and a half, and that of the atom of 
carbon to* be one-half o!l ^at of lead. But bismuth appears to 
have no clear reLttion to the others, the capacity of its atom 
being 0.6736, refeiWJ to that of Jead as 1* The general results, 
therefore, may be follows : 

Specific heat m atom of lead . . ? 1 

tin (i • 1 


„ copper 

„ * nickel 

„ iron 

,, platinum . 

„ sulphur . 

„ mercury . 

„ tellurium 

„ t arsenic 
„ silver 

„ gold 

„ phosphorus 
„ iodine 

„ cobalt . 

„ carbon 


Messrs. Dul^wig and Petit, whose » researches supplied these 
valuable results, drew a more general conclusion from, them, 
namely that all atoms, or at least all simple atoms, have the 
same capacity for heat, jand that those atomic weights which 
are inconsistent with that supposition, ought to be altered and 


accommodated to it. The specific heat of a body would thus 
afford the means of fixing its atomic weight. Some of the al- 
terations in the atomic weights, which wquld follow the adop- 
tion of this law, might be advocated upon other grounds, such 
as halving the atomic weights of silver and gold, but certain 
other changes equally inevitable are* wholly inadmissible; such 
as dividing the atom of tellurium by two, or reducing it from 
802 to 401, although the most perfect analogy subsists between 
tellurium and sulphur in their compounds, in all of which 802 


parts tellurium, and not 401, replace 201 sulphur or one equi- 
valent. The equivalent of phosphorus would require to be 
divided by four, while that of arsenic, whi6h it so closely re- 
presents in compounds, is divided only by two. Of the ad- 
mitted equivalents of nickel and cobalt also, which replace each 
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other in analogous compounds, the remains unaltered, 
while the last must be reduced tv^o-thirds of its present 
amount. ^ / 

It must be concluded then, that clement'Vy atoms have not 
necessarily* the same capacity for hea’, although a simple re- 
lation appears always to exist between their ctg^acities. The 
capacities of the three gaseous elements, oxygen, hydrogen and 
nitrogen, may likewise be adduced in support of such a relation, 
provided they are the same for equa^ volumes of the gases, 
agreeably to the observations of Dulong. Bit this relation can 
only be looked for between bodies while under the same"^hysi- 
cal condition, and perhaps agreeing in other cirfumstances 
also, for the capacity for heat of the same body is known to 
vary under the different forms of solid, liquid and gas^ and, 
indeed, whSe the body is in the same state, its capacity ap- 
pearg not to be absolutely const&nt, but to increase perceptibly 
at elevated temperatures (page 23). 

The capacities of compound atoms have not been submitted 
to a. sufficiently extensive examination to determine whether 
equally simple relations subsist generally among tl!em. In 
two classes of analogous cofti binations, however, the capacities 
of the Jitoms for heat have been found by M. Neuinann to 
approach so closely, that they may be admitted to be the same, 
the differences being sufficiently accounted for by the errors of 
observation unavoidable in such delicate researches. 



Of cfnidl flreights. 

Of atomic weights. 


Specific heat of 

Specific heat of 


same weight of 

atom of water 


• water being 1. 

being 1. 

Carbonate of lime 

. * 0.2044 

0.1148 

Carbonate of barytes . 

0.1080 

V 0.1181 

Carbonate of iron 

0.18 J 9 

0.1150 

Carbonate of lead 

, . 0.0810 

0.1200 

Carbonate of zinc 

0 .J 712 

0.1187 

Carbonate of strontian 

0.1445 

0.1184 

Dolomite (carbonates of lime and 


magnesia) 

0.2111 

0.1121 


’Mean 

0.1168 


A small class of sulphates presented a similar result : 


» Of equal weights. Of atomic weights 

Sulphate of barytes . . 0.1068 . • 0.1381 
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Sulphate of lime ^ . 

0.1854 

0.1412 

Sulphate of strontian '*.*^ . 

0.1300 

0.1326 

Sulphate of leS^d 

0.0830 

0.1398 

« 

Mean 

. M.1380 


TliC Tuimbers in tl^e second column of both tables, deviate 
very little from* their mean, but ^ there is no relation between 
the two means. 'Identity in capacity for heat is, therefore, to 
be looked for ih corajmund atoms of the same nature, and 
which closely agrees in their chemical relations, like the num- 
bers o4r?.ach group, but not between compound atoms which 
are differently constituted. ‘ 

RELATION BETWEEN THE ATOMIC WEIGHTS AND VOLUMES OF 
BODIES IN THE GASEOUS STATE. ^ 

Several of the elementary borlies are gases, such as oxygen, 
hydrogen, nitrogen and chlorine, and the proportions in which 
they comliine can be determined by measure with equal, if 
not greater facility than by weight. A relation of the simplest 
nature is always found to subsist between the measures or vo- 
lumes in which any two of the gaseo*us elementary bodies unite. 
This arises from the circumstance that the specific gravities of 
gases either correspond exactly with their atomic weights, or 
bear a simple relation to them. The atom of chlorine is 35i 
times heavier than that of hydrogen and chlorine gas is also 
.35^ times heavier than' hyvlrogen gas, so that the combining 
measures of these two gases^ which correspond with single 
equivalents, are necessarily equak The atom of nitrogen, and 
its weight as a gas being both 14.2 times greater than the atom 
and weight of hydrogen gas, their combining volumes must be 
the same. The atom of oxygen is eight times heavier than that 
of hydrogen, but oxygen gas is sixteen times heavier than hy- 
drogen gas, so that takeq, in equal volumes these two gases are 
in the proportion by weight of two equivalents of oxygen to 
one of hydrogen. Hence, in the combination- 'of single equi- 
valents of these elements to form water, half a volume or mea- 
sure of oxygen gas unites with a whole volume or measure of 
hydrogen gas. One volume of nitrogen, also unites with half 
a volume of oxygen, and with a whole volume of the same gas, 
to form respectively the protoxide and deutoxide of nitrogen. . 

The exact ratio of one to two in which oxygen and hydrogen 
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gases combine by measure, was first* observed by Humboldt 
and Gay-Lussac in 1805. The subject \^as pursued by the latter 
chemist, who established the simple ratios in ^diich gases gene- 
rally combine, and published the laws obsef^^cd by him, or his 
Theory of^Volumes, shortly ‘after th^* announcement of the 
Atomic Theory by Dalton. They afforded* new^ and indepen- 
dent evidence of the combination of bodies in definite and also 
in multiple proportions, equally convincing *as the observed 
proportions by weight in which bodies unite. Gay-Lussac 
likewise observed that the product of the union of two gas»s, 
if itself a gas, sometimes retains the original volume/'^jf its 
constituents, no contraction or change of volume resulting from 
their combination ; thus one volume of nitrogen and* one vo- 
lume of oxygen form two volumes of deutoxide of nitrogen ; 
one volumt^f chlorine and one volume of hydrogen form two 
volumes of hydrochloric acid gAs ; and that when contraction 
follows combination, which is the most common case, the vo- 
lume of the compound gas always bears a simple ratio to the 
volumes of its elements.^ Thus two volumes of hydrogen and 
one of oxygen form two volumes of steam, one voluihe of ni- 
trogen and three of hydrogftn gas form two volumes of amiiu)- 
niacal gas, one volume of hydrogen and one-sixth of a volume 
of sulphur-vapour form one volume of sulphuretted Ixydrogen 
gas. In these and all other statements respecting volumes, 
the gases compared are supposed to be in the same circum- 
stances as to pressure and temperatiwe. • 

The uniformity of properties observed among gases in 
compressibility and dilatability by heat, has appeared to many 
chemists to indicate a similarity* of constitution, and to favour 
the idea that they aH contain the same number of atoms in 
the same volume. May not equal volumes of oxygen and hy- 
drogen gases, for instance, Ije represented by an equal num- 
ber of atoms of oxygen and hydrogeji respectively placed at 
equal distances from each other, and the difference of sixteen 
to one in the densities of the two gases arise from the atom of 
oxygen being really sixteen times heavier than that of hydro- 
gen? Equal volumes of gases woqld then contain an equal 
number of atoms, apd one, two or. three volumes would 1)e 
an equivalent expression to one, two or three atomic propor- 
tions, the terms volume and becoming of the same import, 
or expressing equal quantities of bodies. But su8h a view is 
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obviously inapplicabll^ to ^compound gases, as their volume has 
a variable relation to th^it o£(»thdir elements; and its adoptibn 
would require gliavc alterations to be made in the atomic 
weights of sev eral\tf tlie elements themsMves, to accommodate 
these weights to tlnSikipicrved densities of the bodies in the 
gaseous state. This will be seen from the following table, in 
which the volume or fractional p^rt of a volume placed against 
eacl) element alwAys contains the same number of its presently 
received atoms. ^ These ^volumes are, therefore, the equivalent 
vc^lumes of the elements, and may be viewed as representing 
the bi«lk of their atoms in the gaseous state, the corjibining vo- 
lume of hydrogen being here taken as one. 


ATOMS 



Volume. 


Hydrogen . 

1 . 

12.5 

Nitrogen 

1 . . 

177 

Chlorine . 

1 

442.0 

Bromine 

1 . . 

978 

Imline 

1 

1580 

Oxygen . 

. 1 

100 

Phosphorus 

1 . . 

.^92 

Arsenic* 

. i . . 

940 

Sulphur 

i 

201 

Mercury * . 

2 

1266 


Of the first five bodies ^numerated, equivalent weights oc- 
eupy equal volumes. It was indeed the observation of this 
equality between the atom and vplume in these gases, that led 
to the supposition of that relation being general. But the 
atoms of oxygen, phosphorus and arsenic occupy only half 
a volume, and would require to be doubled to fill the same 
volume a^s the preceding class. ,The present atom of sul- 
phur aflfords only one-sixth of a volume of vapour, and must, 
therefore, be multiplied by six to afford a whole volume ; while 
the atom of mercury supplies two volumes of vapour, and 
would, therefore, require to be divided by two, or reduced 
to one-half of its present number. Of these changes the re- 
quired modification of the, atoms of phosphorus, arsenic and 
sulphur is incompatible with their chemical relations to other 
bodies which arc best established, and is quite inadmissible. 
The densitiesi of the vapours of these bodies must, therefore. 
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be viewed as decisive against the equf:iity of the equivalent 
volumes of the elementary gasl?s. • A volume of sulpliur vapour 
must 1)e allowed to contain three times as piany atoms as an 
equal volume of oxyg<?n gas, si^: times mo r* than the same vo- 
lume of hydrogen gas, and twelve tiiAe.. n.orc tlian the same 
volume of mercury vapour. A similar coifstitution cannot be * 
assigned to these va])ours, unlpss on the assumption of Dumas, 
that chemical atoms of the same kiiid may grchip together, and 
form larger compound atoms or molecules, or divide into 
smaller molecules. The molecule of hydroge!i in the gasetus 
state 1)eing the same as its chemical atom* each molvXuIe of, 
oxygen while in the state of gas would be an aggregate of two 
ehemieal atoms, and each of sulphur of six ; while mercury must 
suffer molecular division in the state o^ vapour, each of its 
chemical a;%ms being parted into two, in order that#qual volumes 
of these different gases and v«tpoiirs should contain the same 
number of molecules or atoms. But sucli views are entirely 
speculative. 

Ill the farther consideration of the proportions in whieli 
gases combine by measure, it will be found conducK^c to per- 
spicuity to adopt the comWning volume of oxygen as the unit 
(instead of that of hydrogen as in the last table), hi terms of 
which to express the combining measures of other gases, both 
simple and compound. The combining incasnru of oxygen 
being one volume, the combimag measure of liydrogen and its 
class will be tivo volumes ; or the atom* of oxygen j^ives one and 
the atom of hydrogen two volumes of gas. Volumes of the gases 
may be represented by equal i^quares with tlieir relative weights 
inscribed, the numbers having reference to the number assigned 
to the oxygen volume^ If that number be 1 00, or the atomic weight 
of oxygen, as in column I of the table below, then the number 
to be inscribed in each of 'the two volumes forming, the com- 
bining measure of hydrogen will be 6.25 or half its atomic 
weight, the combining measure itself having the full atomic 
weight of hydrogen, namely 12.5 ; and so of other gases, the 
combining measure has the whole atomic weight which is 
divided among the component volumes. But tliere is the reason 
for preferring the number 1 102.6 to 100 for the standard oxygen 
volume, that the weight of a volume of air being taken as 1000, 
that of an equal volume of oxygen is 1102.6; and consequently 
the corresponding number for the volume of Itj^drogen, 69, 
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expresses the relational weight of that gas also to air, and so 
do the corresponding rfambers for all the other gases. The 
numbers on this smie, which express the relative densities of 
a volume of each gs^^and are inscribed hi the squares of co*^ 
lumii II, are indeed <]ie common specific gravities qf the 
* gases. 


Atoiin'r’wiMglit. 


Chlorinr 


Conihinin^ 

inoasiire. 


Oxygen ... . H‘0 .... 100 


I'liosplioriis . . 302 


Hydrogen ... 12.5 . ... 

i 


6.25 


6.25 


j221.a 

. 412 6. . . . j 


Mercury . . . 1266 . 


316.25 

316.25 

316.25 

316.25 


Air 


ir. 

Coinhiniug incaHnre. 



The double squares which represent the combining measures 
of hydrogen and clilorine are divided into volumes by dotted 
lines, to sliew that the division is imaginary, the partition of a 
combining measure, like that of an atom which it represents, 
being impossible. The specific gravities of gases being merely 
the relative weights of equal volumes, may be expressed by the 
numbers in the squares of the first column ; and the specific 
gravity of oxygen being accordingly made 100, the specific 
gravity of any other gas will either be the same number as its 
atomic weight or an aliquot part of it. Or if the specific gra-^ 
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vity of oxygen be made 1 or 1000, the rolation of densities to 
atomic weights will still be verV otvious^ 

The combining measures of compound gases, althougli va- 
riable, have still a constant and a simple relation to each other, 
such as I ?o 1, 1 to 2, or 2 to3 ; tlieif. elements in combining 
sufiering either no condensation or a definite and very simple 
change of volume. Hence tin; density of a compound gas may 
often be calculated with more precision from* the densities of 
its constituents and a knowledge of the change of volume, if 
any^ which occurred in combination, than it can be determined 
by experiment. 

To deduce on this principle the specific gravity ©f steam. 
It consists of single equivalents of oxygen and hydrogen, of 
which the combining measure of the first, is one, and that of 
the second two volumes. These three volumes, weigh J I()2.d4- 
Gf)-f 240.r>, and they forM two volumes of steam; of 
which one volume must, therefore, weigh 1210.G divided by 
two, or G20.8, which is, consequently, tlie calculated specific 
gravity of steam, referred to that of air as 1000. The rela- 
tions in A'olume of the gases before and after combination may 
be thus exhibited. 

Combining; measure, or Combininj? measure, or Combining; measure, or 
one volnitic of oxygen. two volumes of liydrogeu. two woluiiies of steani. 


— 



(iV 

1 



• 1 


(i9 



— 




1240.b • 


It thus appears necessary to inscribe 620.3 in each volume of 
steam, to make up 12*40.6, the known weight of the two volumes. 

In the formation of the hydrochloric acid, equal measures of 
chlorine and hydrogen unite without condensation, so* that the 
product possesses the united volumes mi its constituent gases. 

measure Combining measure Combining measure of 

of hydrogen or two* of chlorine or t^vo hydrochloric acid or four 

volumes?. volumes. volumes. 
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The specific gravity \or weight of a single volume of hydro- 
chloric acid is, tliorcfoft, obtairfed by dividing 5078 by 4, and 
is 1 2(50.5. ^ 

The specific gniv^ity of the vapour of an elementary body, 
which there arc no means of asdhrtaining expcrirnelltally, may 
sometimes l)e cal(vu\'ited from the known density of a gaseous 
compound contaiTung it. The ^Icnsity of carbon vapour may 
))e tlms deduced from the observed density of carbonic oxide 
gas. Assuming that th^i combining measure of carbon is double 
li/ at of oxygen, as is true of hydrogen and several other ele- 
mentary bodies, then carbonic oxide, which like water consists 
of single*equivalents of its constituents, wfill resemble steam in 
its constitution also, and be composed of one volume of oxygen 
gas and tvAo volinncs of carbon vapour condensed into two 
volumes. The weight of a single volume of ca»?^>onic oxide 
being 972 . 7, two volumes (1945.4) may be resolved, 41 shewn 
in the diagram below, into one volume of oxygen, 1102.6, and 
two volumes of carbon- vapour, 842.6, (1945.4 — •1102.6=842,6) 
eac.h of wliieh it follows must weigh 421.3. 

( oinbining, measure or Combining measure or Combining measure or 
two volumes of carbonic one volume of oxygen. two volumes of carbon 
oxide. vapour. 


972,7 


11()2.(> 

• “h 

4 21. a 

‘ . 

. • 



972.7 




421.3 

. 







iy4ry.-i iy45.4 


But the density 421.3 thus assigned to carbon vapour will 
only be true, if it corresponds with hydrogen in its combining 
measure ; but tlie combining measure of carbon vapour may 
as well be one-half that of hydrogen, like that of phos- 
phorus, ,or one-sixth like that of sulphur, and then the 
density will he double or six times that supposed. The 
important conclusion, l^owever, that the density of carbon 
vapour is either 121.3, or some multiple or sub-multiple of 
that number is quite certain. 

The two following tables comprise nearly all the accurate in- 
formation which chemists at present possess respecting the 
specifui gravities of gaseous bodies. Tlie bodies placed in the 
first tal)le arc generally considered as belonging to the inorganic 
and those ia the second, to the organic department of the 
science. 
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TABLE 1. 


GASKS AND VAFOUttS. 


Oxygen 

Phosphorus . . . 

Arsenic 

Arscnious acid. 

Sulphuret of mercury. 

Sul])hur 

Hydrogen 

Nitrogen 

C'arbon (hypfthetical) 

Chloi iiiH k. 

Iodine T 

Bromine 

Water * . . . 

Protoxide of nitrogen 

Carlionic oxide 

Carbonic acid 

Sulphurous acid 

Sulphuric acid (anhydrous) 

Sulphuretted hydrogen 

Light carburetted hydrogen 

Cyanogen 

Mercury 

Deutoxidc of nitrogen 

Hydrochloric acid 

Hydi iodic acid 

Hydrobromic acid 

Hydrocyanic acid *.% 

Ammonia 

Arsenuretted hydrogen . 

Terchloride of arsenic 

Tcriodide of arsenic 

Subchloride of mercury 

Chloride of mercury 

Subbromide of mercury 

Bromide of mercury 

Iodide of mercury>(red) 


DENSITY. 

1 ATV>M. 

■*' ■ i 

Air^lOOO. 

V^oluirjp^s h: 
combining' 
njt'asure. 

Weigbt. 

1102.6 

•1 

100 


1 

392.28 

10362 

1 

940.08 • 

13670 

» 1 

r24|).os 

.5384 

■j 

1466.99 

6648 

h 

201.17 

69 

2 

12. .50 

970 ^ 

2 

177.01 

421.5 

2 

76.44 

2470 

2 

442.6.5 

8701 

2 i 

I.579..5O 

5393 j 

2 

978. :h 

620.2 1 

2 

112.50 

1527.3 ! 

2 

277-04 

972.8 

2 

176.44 

1524.1 

2 

• 276.44 

22 10.6 • 

2 

401.17 

2761.9 

2 

501.17 

1177 

2 

213.07 

559.5 

2* 

101.46 

1819 

2 

• 

329.92 

6969 

.1 

1265.82 

10:49.3 

i ^ 

377.04 

•1269.5 

4 • 

455.1.5 

438.5 

4 

1592.00 

2731 

4 

.990.81 

944 

4 

342 12 

591.5 

4 

214.r;4 

2695 

4 

952.58 

6295 

4 

2268.03 

15640 

4 

5678.58 

8204 

4 

.2974.29 

9439 

4 

1708.47 

9^65 

4 

3.509.95 

12362 

4 

2244.13 

15670 

4 

2845.32 
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TABLE II. 


OASES AND VAPOURS. 


DENSITY. 

Air--J<m 

• ’alculutcd OlwervetJ 

Ether 


2583 ! 

*2586 

Methylic ether 


• 1601 

I617 

Sylphate of inethyleiie .... 

ca 1^0,803 

4369 

4565 

Oxalic ether 

, (VirPXV), 

5081 

5087 

Succinic ether 


6201 

6220 

Oenanthic ether t . . 

c,ii,o,(:,.ii„o* 

1047,' 

10508 

Alkursine ^. .. 


7281 1 

7184 

Acetic acid 


2778 

2770 

Methvjcne 


490 j 

. 

Olefiant gas 


981 1 

985 

Gas frf>ni otT 

i c/l. 

19f>2 

1892 

Oleene 


2942 j 

2875 

Elacnc 


4156 1 

4071 

Cetcne *. 


7846 i 

8007 

Benzin * 


2736 

2770 

Retinaphtha 


3226 

3230 

Ketinyle 


4247 

4242 

Retinoic 

c»ii,« / 

7290 

7110 

Naphthaline 


4488 

4628 

Para naphthaline . . . 

C„H^, 

C732 

e7<i 

Cami)hencoroil of turpentine 

Ca,H„ 

4763 

4765 

Camphor 

^20® VPa 

5314 

5468 

Menthene (froiji oil of mint) 


4830 

4940 . 

fconcretc essence of mint. . . 


i 5450 

5620 

Wood- spirit. 


1110 

1120 

Hydrochloratc of methylonc. 

C^i^ci 

1738 

1731 

Hydrotluate of mcthyVnie . . 

C.II,K 

IlOo 1 

1 1186 

Tlydriodate of methylene. . . 

CM,\ 

4882 

4883 

Nitrate of inethvltv‘e 

CJI,0,N0„ 

2640 

2653 

Formate of methylene 

C,H.,0,aH(JT 

2083 

2084 

Acetate, of metlivlene 


2573 

2563 

Alcohol 

V.:,IV>= 

lOO] 

1613 

Mercaptan * 


2158 

2326 

Hydrochloric ether 

(-VAI 

2229 

2219 

Hydriodic ether 


5321 

.5475 

Nitrous ether 

C.lUO.NOi 

2606 

262c 

Chlorocarboiiic ether 

C^H,(),(’303C:I 

3759 

3829 

Acetic ether 


3066 

io67 

Benzoic etlier I 


6240 

5409 

Pyromucic etlier 

C,U,O.C„HA 

4§78 

4859 

Chloride of ald(5hydene 


• 2166 

, 

Oil of olefiant gas 

C.lj,CMICI 

3407 

3443 

Bromide of aldehydene .... 

AH,Br 

3642 

3691 

Hydrocarburct of bromine. , 

C.UaBr.HUr 

6373 

I 6485 

Chloral 

t'.HCLt), 

5060 

i .5130 

Choloroform 

eiHCI,' 

4113 

4199 

Urethane 

CoNIIjO, 

3-40 

3096 

Oil of the ardent spirits from 

« 


i 

potatoes 


3072 

3147 

Aldehyde 

€,(),(), 

1531 

1532 

Acetone 

CelJA 

2v)20 

2019 

Benzoic acid 


4 260 

4270 

Eugenic acid . . . f 


6000 

64vi0 1 

Formethylal. 

1 

2456 ; 

• 1 

2500 

« 1 


v^ohimes 

in 

fomWns. 

raeusurc. 

observer. « 

2 

Gay-Lussac. 

2 1 

Dumas and Peligot. 

2 

Idem. 

2 

Dumas and Boullav 

2 

Felix d'Arcet. 

2 

Liebig and Pelouze< 

2 

Bunsen, 

3 

Durnas. 

4 

Dumas and Peligot. 

4 

M. de Saussure. 

4 

Faraday. 

4 

Fremy. 

4 

Idem. 

4 

Dumas and Peligot. 

4 

Mitscberlich. 


Felletier and Walter 


Idem. 

4 

Iderft. 

4 

Dumas. 

4 

Dumas and Laurent. 

4 

Dumas. 

4* 

Idem. . 

4 

Walter. 

4 

Idem. 

4 

Dumas and Peligot. 

4 

Idem. 

4 

Idem. 

4 

Idem. 

4 

Idem, 

4 

Idem. 

4 

Idem. 

4 

Gay - Lussac. 

4 

j3imseii. 

4 

Th^nard. 

4 

Gay-Lussac. 

4 ' 

Dumas and Boullay 

4 

Dumas. 

4 

Idem. 

4 

Idem. 

4 

Malaguti. 

4 

Liebig and Pelouze. 

4 

Gay-Lussac & Duma 

4 

ilegnault. 

4 

Idem. 

• 4 

Dumas. 

4 

Idem. 

4 

Idem. 

4 

Idem. 

4 

Liebig. 

4 

Dumas. 

4 

Dumas & Mitschcrlic 

4 

Dumas. 

6 

Dumas. 
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From these tables, it appears that a simple relation always 
subsists between the combining mpasuros of different bodies in 
the gaseous state ; 

That the combininguneasurc^of a few bodies is the same as 
that of oxfgen, or om volume*; of a la¥ge number, doulile that 
of oxygen, or two volumes ; and of a still ^irger number, four 
times that of oxygen, or four volumes ; while combining mea- 
sures of other numbers of volumes, such as three and six^ or 
of fractional portions of one volume, siudi one-thvnl^ 
comparatively rare ; 

That the specific gravity of a gas may be Cialculated from its 
atomic weight, or tlie atomic weight from the speinfic gra- 
vity, as they are necessarily related to’ cacli other. ^Thus, to 
find the specific gravity of a vapour like ^lat of phosphorus, 
of which ti)ic combining measure is one volume, or the same 
as tliat of oxygen. The specific gravities of two bodies, of which 
the volumes of the atoms arc tHe same, must obviously be as 
the ivdghts of these atoms. Hence, 100 and 392.28 being 
the atomic weiglits of ox 3 ^gen and phosphorus, and 1 102.0, 
the known specific gravity of oxygen, the specific gravity of 
phosphorus vapour is obtjiined by the folhfwing proportion — 
100 : 3,92.28 : : 1102.0 : 4323./ 

— s[). gr. of pliosphorus vapour. 

Secondly, to find tlie specific gravity of a vajxiur like that 
of fluorine, of which the conibining measure n]ay be presumed 
to be two, or double that of oxyge^n. , Tlie atomic weight of 
fluorine being 233.8, • 

100 : 233.8 ; : 1 102.0 : 2584 

twice the specific gravity of ffuerinc, being the weiglit of two 
volumes, and the spepific gravity required is 1292. 

These cases are examples of a general rule, that tlie specific 
gravity of a body in the ^tate of vapour is obtained by multi- 
plying the atomic weight of* the body 1)y 1102.6, the specific 
gravity of oxygen, and dividing by *100. The number thus 
found must then be divided by tlie number of volumes which 
are known to compose the combining measure of the vapour. 

The specific gravities thus calculated are generally more 
accurate than those obtained by dilect experiment, from the 
circumstance that tfie operation of taking tlie specific gravity 
of a gas is generally less susceptible of precision, than tlie 
clicmical analyses on which the atomic weights ^re founded. 
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The densities of vapours, taken a few degrees nl)ove their con- 
densing points, are geru-rally^ a |llttle greater than the truth, 
owing to a peculiarit y in their physical constitution which was 
formerly explaiju^a (page 6‘H}. ()f such J)odies, therefore, the 
theoretical is a necessary check iijion the experimenfefil density. 
Indeed, tlic calculated sliould in all cases be considered and 
used as the true density. 

< 

HELA'J'ION HE'iWKEN THE (CRYSTALLINE FORM AnR ATOMIC 
CONSTITUTION OF n(>itlES— DOCTRINE OF ISOMORPHISM. 

Bodies on passing from the gaseous or liquid to the solid state, 
generally present themselves in crystals, or regular geome- 
trical figures, which are tlic larger and more distinct, the more 
slowly and gradually they are produced. Their formation is 
readily observed in the spontanpous evaporation of a solution 
of sea-salt, or in the slow cooling of a hot and saturated solu- 
tion of alum, which salts assume the forms of the cube and 
regular octohedroru The ciystalline form of a body is con- 
stant, or ^subject only to certain geometrical modifications 
which can be culculat^id, and is mos|i^ serviceable as a physical 
character for distiuguishiug salts and minerals. Between 
bodies of similar atomic constitution, a relation in form has 
been observed of great interest and beauty, which now 
forms a fundamental doctrine of physical science, like the 
subjects of atomic weights and volumes just considered. 

Gay-Lussac first made tfte remark that a crystal of potash- 
alum transferred to a solution of ammonia-alum, continued to 
increase without its form being modified, and miglit thus be 
covered with alternate layers of the two alums, preserving its 
regularity and proper crystalline figure. M. Beudant after- 
wards observed that other bodies, pich as the sulphates of 
iron and dbpper, might present thhmselves in crystals of the 
same form and angles, Although tl-e form was not a simple 
one like that of alum. But M. Mitscherlich first recognised 
this correspondence in a sufficient number of cases, to jirove 
that it was a general consequence of similarity of composition 
in ditlerent bodies, l o the relation in form, he applied the 
term imriorphiwi (friim iVoc, equal, and shape), and 

distinguished bodies which assume the same figure as isoMOV-^ 
phouSf or (iii^the same sense) as siniilifonn bodies. I’hc law 
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at which he arrived is as follows : — ^The same number of atoms 
combined in the same way projluc^ the .same crystalline form ; 
and crystalline form is independent of the chemical nature of 
the atoms, and determined only by their number and relative 
position. 

This law has not been established in all, its generality, but 
perhaps no fact is certainly known which is iinJonsisteiit witli 
it, while an indisposition wRich certain chipsses of elements 
have to f^riH compounds at all similar in comiKisition to those 
formed by other classes, limits the ca^es for comparison, and 
makes it impossilde to trace the law, tlircijiighout the whole 
range of the elements, in the present state of our knowledge 
respecting tliem. 

The relation of isomorphism is most frequently observed 
between salts, from their superior aptitude to form good 
crystals. Thus the arseniate and phosphate of soda are ob- 
tained in the same form, and arc exactly alike in composition, 
each salt containing one proportion of acid, two of soda and 
one of water as liases, together with twenty-four atoms of 
water of crystallization. With a different proportioi| of water 
of crystallization, namely, jvith fourteen aiK)ms, and the other 
constituents unchanged, the crystalline form is totally different, 
but is again the same in both salts. For every arseniate, there 
is a phosphate corresponding in composition find ^identical in 
form; the isomorphism of these two classes of^ salts, is indeed 
perfect. The arsenic and j)liosphoric jicids, contain each five 
proportions of oxygen to one of arsenic and phrtsphorus res- 
pectively, and are supposed to be themselves isomorphous, 
although the fact cannot be dernonstrated, as the acids do not 
crystallize. The elements, phosphorus and arsenic, are also 
presumed to be isomorphous; and the isomorphism of their 
acids and salts is referred to the isomorphism of the elements 
themselves ; isomorphous compounds in general appearing to 
arise from isomorphous elements uniting in the same manner 
witli the same substance. The isomorphism of the sulphate, 
scleniatc, chromate and manganate of the same liase is like- 
wise always clear and easily observed; each of the acids in 
these cases containing three proportions of oxygen to one of 
selenium, sulphur, chromium and manganese, themselves pre- 
sumed to be isomorphous. Of bases, the isomorphism of the 
class consisting of magnesia, oxide of zinc, oxkle^ of cadraium 
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and the protoxides of nickel, iron and cobalt, is well marked 
in the salts which they form with a common acid, and is par- 
ticularly observable in the double salts of these oxides, such 
as the sulphate of magnesia and* potasli, ^-sulphate of zinc and 
potash, sulphate of copper and ^potash, which haa^e all six 
atoms of water and common form. The sulphates tliemselves 
of these bases "differ, most of them affecting seven *atom8 of 
water of cr) stallization, while tlie sul})hate of copper affects 
five ; l)ut those With the seven may likewise be crystallized in 
fnvouraldc circumstance'^ with five atoms of water, and then 
all assuinc tlie form of tlie copper salt, thus exhibiting a second 
isomorphism like the arseuiate and phosphate of soda. 

The peroxides of the “same class of metals with alumina and 
the oxide of chromium, wliich consist of two atoms of metal 
and three of oxygen, also afford an instructive example of iso- 
morphism, particularly in theijr dou1)le salts. The sulphate 
of the peroxide of iron with Sulphate of potash and twenty- 
four atoms of water, forms a double salt having the octohedral 
form of sulpluite of alumina and potash or common alum, the 
same astringent taste, with other physical and chemical pro- 
perties so similar, that the two s^dts can witli difficulty be 
distinguislied from each other. The salt is called iron-alum, 
and there are • corresponding manganese and chrome alums, 
neither of wjiich contains alumina, but tlie dcuf oxide of man- 
ganese and oxide of chromium in its place, with the propor- 
tions of acid and water, wliich exist in (common alum. In all 
these salts another substitution may occur without change 
of form ; namely that of soda or oxide of ammonium for the 
j)ot:ash in the sulpliate of potash, 'giving rise to the formation 
of what are called soda-alum and ammouia^alum. 

Certain facts have been supposed to militate against the 
principles of isomorjihism, which require consideration. 

It appears that vlie corresponding angles of crystals re- 
puted isomorphous are neft always exactly equal, but are some- 
times found to differ one or two degrees, although the errors 
of observation in good crystals rarely exceed 10' or 20 ' of a 
degree. But it has been shown by Mitscherlich that a diffe- 
rence may exist between thiB inclinations of two series of similar 
faces in different specimens of the same salt^ of 50' ; while it is 
also known that the angles of a crystal alter sensibly in their 
relative dimensions with a change of temperature (page 3). 
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The angles of crystals are, therefore, aifected in their values 
within small limits by causes| o^ an at ciclental character, and 
absolute identity in crystalline form may require the concur- 
rence of circumstanc«s whicli, are not found together in the 
ordinary modes of producing many .crystals, which are still 
truly isomorphous. 

20. It appears that the same body may assufl:ie in different 
circumstances, two forms which are totally dissimilar and have 
no relation to each other. Thus sulphur on cTystallizing from 
solution in the bisulphuret of carbon ^or in oil of turpentine, 
at a temperature under iOO^, forms octohedrons with rlmmbic 
bases, but when melted by itself and allowed to cool 
slowly, it assumes the form of an oblique rhombic prism 
on solidifying at 232^. These arc incompatible crystalline 
forms, as they cannot be derived from one common form. 
Carbon occurs in the diamond ^in regular octohedrons, and in 
graphite or plumbago in six -sided plates, forms which arc like- 
wise incompatible. Sulplmr and charcoal liave each, tlierefore, 
two (crystalline forms, and arc said to be dimorj^hous^ (from 
^£c, twice, and fiopipi), shape). Carbonate of lime another 
familiar instance of dimorphism, forming two mineral species, 
calc-spar and arragonite, which are identical in composi- 
tion, but differ entirely in crystalline form. • G. Rose lias 
lately shewn that the first or second of these ^ forms may 
be given to the granular carbonate of lime fofined artificially, 
acicording as it is precipitated at temperature of the air, 
or near the boiling point of water. Of its two fonlis, carbonate 
of lime most frequently affects that of calc-spar; but carbonate 
of lead which assumes the same two forms, and is tlierefore 
doubly isomorphous >vith carbonate of lime, chiefly affects that 
of arragonite, and is very rarely found in the other form. Had 
these carbonates, therefor^, been each known only in its com- 
mon form, their isomorphism would not have l)een suspecited, 
an important observation, as the want* of isomorphism between 
certain other bpdics may be caused by their being really dimor- 
phous, although the two forms have not yet been perceived. 
There is no physical impossibility in a body’s assuming three 
different forms, or being /ri-morphous as well as dimorphous, 
but no case of trimofjfliism has been hitherto observed. 

30 . The observation of the isomorphism of bodies is of the 
greatest value as an indication that they possess a* similar con- 
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stitution, and contain' a like number of atoms of their consti- 
tuents. But it must he admitted that the most perfect coin- 
cidence in form, or true isomorphism is likewise observed 
between certain l)odil>s which aro quite different in composition. 
Thusbisiil])hate of potash is dimorphous, and crystalK^es in one 
• of the two forms of rulphur (Mitscherlich). Nitrate of potasli in 
common nitre *^has tlie form of^ arragonite, and occurs also, 
there is reason to “believe, in microscopic crystals in the form 
of calc s])ar. Nithite of soda, again, has the form of calc-spar, 
n ypermanganate of l)aryV.es and the anhydrous sulphate of soda 
likewis:^ crystallize* in one form. Between the first pair, sul- 
phur and bisulphate of ])otash, the al)sence of all analogy in 
composition is sufficieiitly obvious, notwithstanding their 
isomorpliism. Bctw^'cn nitrate of potash and carbonate of 
lime, and between hy[)ermanganate of barytes and sulphate 
of soda, there is no similarity of composition, on the ordinary 
view which is taken of the constitution of these salts, but botli 
of tlicse pairs have been assimilated, in speculative views of 
their constitution proposed by Mr. Johnston* in regard to the 
first pair, (and by Dr. Clarkf in regard to the second, which 
merit consideration, 'although the liypotlieses cannot possibly 
be both correct, as they arc based upon incompatible data. 
Besides these e'Jcamplcs of identity of crystalline form without 
any avcU estyblislied relation in composition, many others might 
be quoted, if occurrence in the simple forms of the cube and 
regular octohedron should be allowed to constitute isomorphism. 
For example : carbon, sea-salt, arscuious acid and alum, all 
occur in octohedrons, although^ they are no way related in 
composition. But these sirnpie forms are so common, that 
they can be held as affording no proof of c isomorphism, unless 
in cases where it is to be expected from admitted similarity 
of com])Otsition, as between the different alums, or between 
chrome iron and octohedral iron ore. 

But notwithstanding tfic occurrence of such apparently for- 
tuitous coincidences in form, isomorphism must still be con- 
sidered as the surest criterion of similarity of composition 
which we possess. Truly isomorphous bodies generally cor- 
respond in a variety of other properties besides external form. 
Arsenic and phosphorus resemble each other remarkably in 

rhilosopliical iMafra/aiic, third ser’es, vol. 12, 180. 

t Ripcords of Srieucc, vol. iv. pam' Ij, 
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odour, although the one is a metal and the other a non-metallie 
body, while the corresponding anseniates and phosphates agree 
in taste, in solubility, in the degree of force with which they 
retain water of crystallization, 'and in various other properties. 
The sclerfiate and sulphate *of soda/ which are isornorplious, 
are both efflorescent salts, and correspond in ^solulnlity, even 
so far as to agree in an unwwted deviation from the usually 
observed increasing rate of solubility at high temperatures, 
both salts being more soluble in watjsr at lOOo tlian at 212^. 
In fact, isomorphism appears to be always aceompanied J)y 
many common properties, and to be the feathre wliicb indicates 
the closest relations! lip between bodies.. 

It will afterwards appear that the more nearly bodies agree 
in composition, they are the more likely l.r act as soU^nts of 
each other,* or to be miscible in the liquid form- An attraction 
for each other of the same character is probably the cause of 
the easy blending together of the particles of isornorplious 
bodies, and of the difficulty of separiiting them after they arc 
once dissolved in a common menstruum ; such isornorplious 
salts as the hypermanganate and hypcrehlorate of potfesh, may, 
indeed, crystallize apart from the same solution, owing to a 
considerable difference of solubility ; and potash-alum may be 
purified, in a great measure, by crystallization, from iron-alum, 
which is more soluble and remains in the m()thei*-liquor ; but 
most isornorplious salts, such as the sulphates of iron and 
copper, when once dissolved togethtr, \lo not crystallize apart, 
but compose homogeneous crystals, which are mixtures of the 
two salts in indefinite proportions. This intermixture of 
isoraorjffious compounds is of frequent occurrence in minerals, 
and was quite inexplfcable and appeared to militate against the 
doctrine of combination in definite proportions, till the power 
of isornorplious bodies to - replace each other in compounds was 
recognized as a law of nature. Thus }jfi garnet, which is a sili- 
cate of alumina and lime (A1 AI Sl^-f 3 Ca Sig) the alumina is 
found often wliolly or in part replaced by an equivalent quan- 
tity of peroxide of iron ; while the lime at the same time may 
be exchanged for protoxide of iron* or for magnesia, without 
the proper crystalliiifs character of the mineral being destroyed. 

The extent to which the isornorplious relations of bodies 
have been traced, will appear on reviewing the jjroups or na- 
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tural families in which the elements may be arranged, and 
observing tlie links by Vhicb* trfe different groups themselves 
are connected ; tlicse classes not being abruptly separated, 
but shading into eacli other in tlieir characters, like the classes 
created by the naturalist for the objects of the organic world. 

CLASSIFICATION f)F ELEMENTS. 

The First class compj^ises four elementary bodies : oxygen, 
snljdiur, selenium, tellurium. The three last of these elements 
exhibit the closest ‘parallelism in tlieir own properties, in the 
range of their affinities for other bodies, and in the properties 
of their analogous compounds. They all form gases with one 
atom of hydrogen, '^Vind powerful acids with three atoms of 
oxygen, of which the salts, the sulphates, seleniat,es and tel- 
lurates are isomorphous ; and tthe same relation undoubtedly 
holds in all the corresponding compounds of these elements. 

Oxygen has not yet been connected with this group by a 
certain isomorphism of any of its compounds, but a close cor- 
respondertce between it and sulphur appears, in their com- 
pounds with one class of metals beiT?g alkaline bases of similar 
properties, forming tlie two great classes of oxygen and sulphur 
bases, sucli as oxide of potassium and sulphuret of potassium ; 
and in their compounds vnth another class of elements being 
similar acids, giving rise to the great classes of oxygen and 
sulphur acids, such as al sei^ious and sulfarsenious acids. They 
farther agree in the analogy of their compounds with hydrogen, 
])articularly of peroxide of hydrogen and persulphuret of 
hydrogen, both of which bleach and are remarkable for their in- 
stability ; and in the analogy of alcohol and mercaptan, which 
last may be considered as an alcohol with its oxygen replaced by 
sulphur. 'This class is connected with the next by manganese, 
of which inangaTiic acid ^ is isomorphous with sulphuric acid, 
and consequently manganese with sulphur. 

Second Class. — ^This class comprises .magnesium, calcium, 
manganese, iron, cobalt, nickel, zinc, cadmium, copper, hydro- 
gen, bismuth, chromium, ajuminum, glucinum, vanadium, zir- 
conium, yttrium, thorinum. The protoxides of this class, in- 
cluding water, form analogous salts with acids. A hydrated 
acid, such as crystallized oxalic acid or the oxalate of Avater, 
corresponding with the oxalate of magnesia ; hydrated sulphu- 
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ric acid (HO, SO3 + HO) with the sulplialfe of magnesia (MgO, 
SO^-fHO). The isomoqihisrd of the salts of magnesia, zinc, 
cadmium and the protoxides , of manganese, iron, nickel and 
cobalt is perfect. Buf water has not been shewn to be iso- 
morphous Vith these oxides* although it greatly resembles 
oxide of copper in its chemical relations. Mine i^ not so closely 
related as the other protoxides this group, being allied to the 
following class. But its carbonate, both anliydrous and hy- 
drated, its nitrate and the chloride of calcium assimilate witli 
the corresponding compounds of the group ; while to its sifl- 
phate or gypsum, CaO, SO3 + 2HO, one parallel and isonior- 
phous compound, at least, can be adduced, a sulphate of 
iron, FeO, SO3 + 2HO (Mitscherlich), which is also «paringly 
soluble in water like gypsum. 

Bismuth is placed in this class from its nitrate and sul)- 
nitrate, which are strictly analogous in composition to the ni- 
trate and sub-nitrate of copper, but their isomorphism has not 
been observed. The salts of the oxide of chromium, of alumina 
utkI .glucina are isomorphous with those of peroxide of iron 
(Fco O3), with which these oxides correspond; and ithe salts 
of manganic and chromic "Lcids arc isoiimrphous, and agree 
with the sulphates. The vanadiates arc believed to be isomor- 
phous with the chromates. Zirconium is placed* in this class, 
because its fluoride is isomorphous with that of almninurn and 
that of iron, and its oxide appears to have the* same constitu- 
tion as alumina; and yttrium and tlY)ripim solely l^ecause their 
oxides, supposed to be protoxides, are classed among the 
earths. , 

Third Class, — Barium, strontihm, lead. The salts of their 
protoxides, barytes, atrontian and oxide of lead are strictly 
isomorphous, and one of them, at least, oxide of lead is di- 
morphous, and assumes the form of lime, and the preceding 
class in the mineral plumbocalcite (Jolujston), But certain car- 
bonates of the second class are dimorphous, and enter into the 
present class, the carbonate of lime in arragonite, carbonate 
of iron in junckerite, and carbonate of magnesia procured by 
evaporating its solution in carbonic acid water to dryness by 
the water-bath (G. Rose), which have all the common form of 
carbonate of strontian. Indeed thei^e tw'o classes are very 
closely related. 

The Fourth class consists of potassium, ammonilim, sodium, 
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silver. The term ammonium is applied to a hypothetic com- 
pound of one atom of^ iiitrogen^and four of hydrogen (NHJ, 
which is, therefore, certainly not an elementary body, and 
probably not even a metal, butf which is conveniently assimi- 
lated in name to potassium, as ‘these two bodies occupy the 
same place ip ih 6 two great classes of potash and ammonia 
salts, between which there is the mostcomplete isomorphism. Po- 
tassium and ammonium themselves are, therefore, isomorphous. 
The sulphates of soda aijd silver are similiform, and hence also 
the metals sodium and silver; but their isomorphism with the 
preceding pair is hot so clearly established. Soda replaces po- 
tash in soda-alum, but. the form of the crystal is the common 
regular octoliedron ; nitrate of potash has also been observed 
in microscopic crysHUs having the arragonitic form of nitrate of 
soda,* which is better evidence of isomorphism, i£ithough not 
beyond cavil as the crystals were not measured. There are 
also grounds for believing that potash replaces soda in equiva- 
lent quantities in the mineral chabasie, without change of form. 
The probable conclusion is that potash and soda are isomor- 
plious, tot that tliis relation is concealed by dimorphism, ex- 
cept in a very few oi’ their salts. 

This class is connected in an interesting w^ay with the 
the other classes through the second. The sub-sulphuret of 
copper and *010 sulphuret of silver appear to be isomorphous,. 
although two atoms of copper are combined in the one sul- 
phuret and one atom of silver in the other, with one atom of 
sulphur ; their formuke being — 

Cu2 S and Ag S. 

Are then ttv(r atoms of copper^'isoraorphous with one atom of 
silver ? In the present state of our knowledge of isomorphism, 
it will be wise to admit that they are. 

The fourth class will thus stand,apart from the second which 
is represented by coppe^ and also from the other classes con- 
nected with the second, in so far as one atom of the present 
class is equivalent to two atoms of the othef classes in the 
production of the same crystalline form. This discrepancy may 
be at once removed by Jialving the atomic weight of silver, 
and thus making both sulphurets to contain two atoms of me- 

*■ Frankenhciin in Coj^gcndorlf’s Annaleny vol. ^0, page 447. See also a paper 
hy Professor Johnston ou the received equivalei|ta of potash', soda and silver ; 
Phil. Mag. third scries, vol. 12, p. 324. 
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tal to one of sulphur (Johnston ubi supraj. But the division 
of the equivalents of sodium, pbtassium and ammonium which 
would follow that of silver, and the consideration of potash 
and soda as suboxide*s Vre most violent assumptions, and not 
to be lightly entertained. 

It has been inferred that lime with an atofh o^ water is pro- 
bably isomorphous with potasH and soda, because CaO + HO 
appears to replace KO or NaO in mesotype^ chabasie and 
other minerals of the zeolite family. ^ 

Fifth Class. — Chlorine, iodine, bromine, fluorine. The^e 
four elements form a well defined natural fdmily. The three 
first are isoniorphous throughout thein whole combinations, 
chlorides with iodides, chlorates with iodates, hyperchlorates 
with hyperiodates, &c. ; and such fluorides also as can be 
compared wi^ih chlorides appear to affect the same forms. I-t 
is connected with the second cla^ss through hyperchloric acid ; 
the hyperchlorates being strictly isomorphous with the hyper- 
rnanganates. But the formulae of these two acids arc — 

^ . Cl and Mng O^, 

one atom of chlorine replacing two atoms pf mangane^sc. Or, 
this class has the same isomorphous relation as the preceding 
class to the others. And such I shall assume to be its true re- 
lation, although halving the atomic weight of chlorine, which 
would give two atoms of chlorine to hyperchloric at’id, is not 
so improbable a supposition as dividing that of sodium ; still it 
would lead to the strange conclusion* that chlorine • enters into 
its other compounds, as well as into hypermanganic acid, 
always in the proportion of twp atoms; for that element is 
never known to combine in a less proportion than is expressed 
by its presently received equivalent. It appears that a salt .has 
been casually observed to occur in the preparation of hyper- 
manganate of potash having exactly the figure of chlorate po- 
tash, and containing a corresponding^ acid of manganese in 
which two of metal still represent one of clilorine as in hy- 
permanganic acid.* 

Sixth class. — Nitrogen, phosphorus, arsenic, antimony ; 
also composing a well marked natural group, of which nitrogen 
and antimony are the two extremes, arid of which the analogous 


Lkbig's Introduction to tbe First Elements of Chemistry, by Richardson# 
-page 87. • 
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compounds exliibit isomorphism. These four elements all form 
gaseous compounds with thre 4 atoms of hydrogen, naniely 
ammonia, pliosphuretted, arsenuretted and antiraonuretted 
hydrogen. The hydriodates of ammonia and of pliosphuretted 
liydrogen arc also isoinorphous ; so are arsenious acid and the 
oxide of antimony, both of which contain three atoms of oxygen 
to one of metaj. Arsenious afcid also is capable of replacing 
oxide of antimony in tartrate of antimony and potash or tartar 
emetic, without cbangf. of form, and arsenic often substitutes 
Antimony in its native sulpburet. The nitrous acid (NO3) 
which corresponds with arsenious acid and oxide of antimony, 
likewise acts oc(;asi()nal1y as a base, as in tbe crystalline com- 
pound \ViUi sul|)buric acid of the leaden chambers used in the 
manufacture of the latter acid. The eomjilete isomorphism of 
tlie arseniates and phosphates has already been fiotieed. But 
phosplioric acid forms two other classes of salts, tbe pyrophos- 
phates and metapbosphates, to which arsenic acid supplies 
no parallels. At present this class of elements can he con- 
nected by means of an isoinorphous link with no other. It 
approaches most nearly to the fifth class, nitrogen and chlorine 
both forming a powerful acid with *fi ve proportions of oxygen, 
nitric acid an(l cliloric acid ; but of the many nitrates and chlo- 
rates wliich can he compared, no two have proved isomorphous. 
Nor do the metapbosphates appear at all like the nitrates, 
although lln'ir’formulie correspond. 

Seventh .class. — Tin*, titanium. Connected by the isomor- 
phism of titanic acid and peroxide of tin (Ti Og and Sn Og). 
Titanium is coimectecl in a curious manner with iron and the 
second class. Titanic acjid occurs in ilmenite and other va- 
rieties of titanic iron, in combination Vith protoxide of iron, 
and in the crystalline form of the peroxide of tliat metal; 
namely; that of specular i^on, and also of corundum (alumina). 
Hence, 

Fe2 O.^, or (Fe-f-Fe)-h O3, and 
FeO+TiO^, or (Fe+Ti)+03 

are isoinorphous. Now it is to be remarked that peroxide of 
iron and titaniate of iron, although they agree in the number 
of their elements, each containing three* of oxygen and two of 
metal, are yet not certainly analogous in proximate composi- 
tion. If an acid of iron, consisting, Uke titanic acid, of one 
of metal and two of oxygen were known, which might be called 
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ferric acid, then specular iron would be it ferrate of the prot- 
oxide of iron, as the other is a Ifcitaniate of the same base, and 
their isomorphism wmjld be intelligible, aigid present nothing 
unusual. But if ferric acid do§s* not e:jist, aud it has hitherto 
eluded research, then the isomorphism of the bodies in qucvS- 
tion seems to imply that this relation does not inquire simila- 
rity of constitution, but raereSy equality in •the number of 
atoms contained in the bodies which exhibit it. • 

Eighth Class. — Silver and gold. From their isomorpliism in 
the metallic state. Gold will thus be connected, through silver, 
with sodium and the fourth class. 

Ninth Class. — Platinum, palladium, iridium, osmium. From 
tlie isomorphism of their double chlorides. The bichloride of 
tin with chloride of potassium crystallizes in regular octohe- 
drons, like tiie double bichloride of platinum and potassium, 
and other double clilorides of this grouj) ; which although not 
alone sufficient to establish an isomorphous relation between 
this class and the seventh, yet favours the notion of its exis- 
tem'& (Dr. Clark.) 

Tenth class. — Tungsten and molybdenum.. From the isomor- 
phism of the tungstates and* molybdates, the salts of tungstic 
and molybdic ficids, W O3 and Mo Mr. .Xohnston has 
observed that the chromate of lead is dimorphous, and corres- 
ponds in the least usual of its forms with the molybdate of lead. 
This establishes a relation between molybdic, chromic, sulphuric 
and other analogous acids. ^ 

Eleventh Class. — Carbon, boron, silicon. These elements 
are placed together from a general resemblance which they 
exhibit without any precise relation. They are not known to 
be isomorphous among \hernselves, or with any other element* 
They are non-metallic, and form weak acids with oxygen, — the 
carbonic, consisting of two of oxygen and one of carbo'n, and 
the boracic and silicic acids, which are generally viewed as 
composed of three of oxygen to one of boron and silicon* Si- 
licic acid may, perhaps, replace alumina in some minerals, 
but this is uncertain. 

Of the elements which have not been classed, no isomor- 
phous relations are known. They are mercury, which in some 
of its chemical properties is analogous to silver, and in others 

* Phil Mag. third series, vol. 12, p. 387. 
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to copper, cerium, oolumbium, lithium, rhodium and ura- 
mum, ^ 

According to the original law of Mi^tscherlich, that isomor- 
phism depends upon ^equality ^in the number of atoms, and 
similarity in their arrangement, without reference to their na- 
ture, the elements' themselves should all be isomdrphous. Most 
of the metals crystallize in the simple forms of the cube or 
regular octolmdron, which are not suflScient to establish this 
relation. But the isomorphism of a large proportion, if not 
ihe whole, of the elements may be inferred from the isomor- 
phism of their analogous compounds. Thus from the facts 
just adduced, it appears that the members of the following 
large class of elements are linked together from the isomor- 
phism of one or more of their compounds. This large class 
may be subdivided into smaller classes, between*" the members 
of which, isomorpliism is f9f more frequent occurrence, and 
which are then to be viewed as isomorphous groups. 

ISOMORPHOUS ELEMENTS. 

8. Barium 
Strontium 
Lead 

4. Tin 
Titanium 


5 . Tungsten 
Molybdenum. 


With two atoms of the precediug 
elements. 

6. Sodium 
Silver 
Gold 

Potassium 

Ammonium 


7. Chlorine 
Iodine 
Bromine 
Fluorine 

The only known group of isomorphous elements which c^not 


1. ^ Sulphur 

Selenium 

Tellurium 

2, Magnesium 
Calcihm 
Manganese 
Iron 
Cobalt 
Nickel 
Zinc 

Cadrniuui 
Copper 
^ Chromium 
Aluminum 
Qlucinum 
Vanadium 
Zirconium 
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be connected in a probable manner with the above large class, 
is that of 

Nitrogen Arsenic 

Phosphorus* Anthnony 

The tendenty of discovery is to bring nVk the elements into one 
class, either as isomorphous atom to atom,«or with the rela- 
tion to the others which chlorine and sodium exhibit. 

But must not isomorphism be implicitly relied upon in esti- 
mating atomic weights, and the alterations which it suggests bd 
adopted without hesitation in every •case? Chemists have 
always been most anxious to possess a simple, physical charac- 
• ter by which atoms might be recognised; and equality of vo- 
lume in the gaseous state, equality of specific heat, and simi- 
larity in crystalline form have all in their Jburn been upheld 
as affording a certain criterion. The indications of isomor- 
phism certainly accord much better than those of the other two 
criteria with views of the coAstitution of bodies derived 
from considerations purely chemical, and are indeed invaluable 
in establishing analogy of composition in a class of bodies, by 
-supplying a precise character which can be expressed ^in num- 
bers, instead of that geqcral and ill-dtfined resemblance 
between allied bodies, which diemists perceived by an acquired 
tact rather than by any rule, and which was heretofore their 
only guide in classification. Admitting that isomojrphism is a 
certain proof of similarity of atomic constitution within a class 
of elements and their compounds, ^ it. may still be doubted 
whether the relation of the atom to crystalline fornr is the same 
without modification throughout the whole series of the elements, 
or whether all atoms agree, exabfc?y in this or any other physi- 
cal character. 

Crystalline form and the isomorphous relation may prove 
not to be a reflection of atomic constitution, or immediately 
and necessarily connected with it, but to arise from some se- 
condary property of bodies, such as tBeir relation to heat ; in 
which a simple atom may ocdasionally resemble a compound 
body, as we find sulphur isomorphous in one of its forms, 
witli bisulphate of potash. While we find another simple atom, 
potassium, isomorphous through a Ibng series of compounds 
with the group of five^atoms which constitute ammonium. The ’ 
occurrence of dimorphism also both in simple and com2)ound 
bodies gives to crystalline form a secondary chaipctcr. 
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Is it probable tha| sulphur and carbonate of lime could be 
made to appear in sets of crystals which are wholly unlike^ 
merely by a slight change of temperature, if form were the 
consequence of an* invariable qtomic constitution ? Crystalline 
form then may possibly*depend upon some at present unknown 
property of bodie?, which may have a frequent and general, 
but certainly ‘Mot an invariable relation to their atomic con- 
stitution. There may be nothing truly inconsistent with the 
principles of isomorphism in one atom of a certain class of 
elements having the saCne crystallographic value as two atoms 
of another class, ,tlie relation which has been assumed to exist 
between the sodium and chlorine classes and the others, parti-, 
cularly when the classes stand apart, and difl'er in their pro- 
perties from all thp others, as those of sodium and chlorine do. 

The atomic weight of hydrogen ought not to be divided or 
reduced from 12.5 to (>.25, for that element certainly belongs 
to the natural family of mafgnesium or the second class, of 
which the equivalents must remain fixed, as they are practi- 
cally the standards of comparison for all others. If hydrogen 
be dividgd, so must magnesium, calcium, manganese and the 
whole class. But it has at last been admitted that hydrogen 
never combines in a less proportion than 12.5, and the indivi- 
sibility of its equivalent therefore conceded;* although it is 
proposed to make a distinction between the values of the equi- 
valent and of t^e atom of a body which is altogether uncdled 
for. 

DIMORPHISM. 

t , ' ■ ■ ■ ’ ■■■' ' , 

Many solid bodies admit of a variation of properties while 
in that state of which gases and liquids are not susceptible. 
The assumption of two incompatible crystalline forms by the 
same bedy, in different circupistances, has already been 
noticed as occurring w^th sulphur, carbon, carbonates of lime 
and lead, bisulphate of potash and chromate ofJead. It is also 
observed, in the biphosphate of soda, and ia a considerable 
number of minerals. The dimorphous crystals may differ in 
density, the densities of palc-spar and arragonite, the forms of 
carbonate of lime, being 2 . 7 1 ^^ and 2.949^ and indeed all resem- 
blance in properties between the crystals may be lost, as in 

^ By Berzelius. L'lnstitut, May 1858, page 160. 
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diamond and graphite, the tw^o forms of carl)on. The particular 
form assumed by sulphur and carbonate qf lime, which may be 
made to crystallize in either ofHhfiir forms at will, is found to 
depend upon the degrep of temperature at which the solid is 
produced; carbonate of lime Being precipitated, on adding 
chloride of calcium to carbonate of ammonia, in a powder, of 
which the grains have the form of calc-spar or^f arragonite, 
according as tJie temperature of the solution or 150".'^ 

A large crystal of arragonite when heated by a spirit-lamp, 
decrepitates and falls into a powder fomposed of grains of 
calc-spar. The crystals of sulphur produced at the higher Of 
two temperatures, become opaque when kept* for some days hi 
the air, and pass spontaneously into the* other form ; while the 
crystals produced at the lower temperature are disiiftegrated, 
and changed into the other form by a moderate heat. Iliese 
observations arc important as establishing a relation between 
dimorphism and solidification at (iiflerent teinjieratures. 

A considerable variation of properties is likewise often 
observable in a solid, which is not crystalline, or of which the 
X*r-ysi,alline form is indeterminate. Thus sulphuret of mercury 
obtained by precipitating corrosive sublimate by sufi)hurctcd 
hydrogen, is black; but the same body when sublimed by 
heat, or jiroduced liy agitating mercury in a solution of the 
persulphuret of potassium, forms cinnaliar, of which the powder 
is t?ie red pigment Vermillion ; wliile vcrmillion itsetf, if heated 
till sulphur begins to sublime from it, and then shddenly throwni 
into cold water, becomes black; afthSugh if allowed to cool 
slowly it remains red. Yet it is of the same composition ex- 
actly in the black and red staU%s< The iodide of mercury newly 
sublimed is of a lively yellow colour, and may remain so for a 
long time, but it generally begins to pass into a fine scarlet on 
cooling, and may be made to ’undergo tliis change of colour, 
in an instant, by strongly* pressing it. The precipitsated sul- 
phuret of antimony may be deprived •f the water it contains, 
at the melting point of tin, without losing its peculiar orange 
colour; but when heated a little above that temperature, it 
shrinks and assumes the black colour and metallic lustre of the 
native sulphuret, without any loss of. weight. Again the black 
sulphuret when heated strongly and throw^n into water, loses 


* G, Rose, FhU, Mag, 3d Seiifs, vol. 12, p. 
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its metallic histre, an^ acquires a good deal of the appearance 
of the precipitated sulpkuret. ^The nitrites are sometimes white 
and sometimes yellow ; and crysltals of sulphate of manganese 
are often deposited from the sarge solution, some of which are 
pink and others coloudess, although identical ii> composi- 
I tion. ^ 

Such differerfbes of colour are permanent, and not to be con- 
founded with changes which are peculiar to certain tempera- 
tures: thus oxide of zinc is of a lemon yellow colour, when 
ptrongly heated, but milk-white at a low temperature; the 
oxide of mercury ip much redder^ at a high than at a low tem- 
perature, and bichromate of potash, which is naturally redy 
becomes almost black 'v^’heii fused by heat. Even bodies in the 
gaseous state are liable to transient changes of this kind, the 
brown nitrous fumes being nearly colourless below zero, and 
on the other hand deepening gready in colour at a high tempe- 
rature. ^ 

The condition of fflass is a remarkable modification of the 
solid form assumed by many bodies. Matter in this state is 
not crystallized, and on breaking presents curved and not plain ^ 
siirfaces, or its fracti'ire in mineralogical language is conchoidaly 
and not sparry. The indisposition to crystallize, which causes 
solidification in the form of glass, is more remarkable in some 
bodies, such as phosphoric and boracic acids, and their com- 
pounds, than iq others. The biphosphate and binarseniate of 
soda have the closest resemblance in properties, yet when both 
are fused by a lamp, the first solidifies on cooling into a trans- 
parent colourless glass, and the second into a white opaque 
mass comprised of interlaced crystalline fibres. The phosphate’ 
at the same time discharges sensibly less Jieat, than the arse- 
niate in solidifying, retaining probably a portion of its heat of 
fluidity or latent heat in a state of combination, while a glass. 
None of the compounds of silicic* acid and a single base, or 
simple silicates, become^ a glass on cooling from a state of 
fusion, with the exception of the silicate bf lead containing a 
great excess of oxide ; they all crystallize. But a mixture of 
the same silicates when fused, exhibits a peculiar viscosity or 
tenacity, appears to havelost the faculty of crystallizing, and 
constantly forms a glass. The varieties of glass in common ufee 
are all such mixtures of silicates. Glass is sometimes devitrifi$d 
when kept s(^t by heat for a long time, owixig to the sepai^^ 
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of the silicates from each other and they crystallization ; and 
the less mixed glasses are known to he most liable to tliis 
change. It is probable that *all bodies differ when in the 
vitreous and in the crj«stallme forms in the* proportion of com- 
bined heat#which they possess, as has Jjeen observed of melted 
sugar (page 43) in these two conditions. 

Arsenious acid when fused or newly sublinSed appears as a 
transparent glass of a light yellow tint. But* left to itself, it 
slowly becomes opaque and milk white ; the change commencing 
at the surface and advancing to the cewtre, and often requiring 
years to complete it in a considerable *mass, ^The arsenious acid 
is no longer vitreous, being changed into a multitude of little 
crystals, whence results its opacity ; anti it has altered slightly 
at the same time in density and in solubility. But the passage 
from the vitreous to the crystalline state may take place in- 
stantaneously, and give rise to an interesting phenomenon lately 
-observed by II. Rose. The vifteous arsenious acid seems to 
dissolve in dilute and boiling hydrochloric acid without change, 
but the solution on cooling deposits crystals which arc of the 
-Opaque acid, and a flash of light, which may be perceived in the 
dark, is emitted in the formation of each arystal. Tfiis pheno- 
menon depends upon and indicates the transition, for it does 
not occur when arsenious acid already opaque is. substituted for 
vitreous acid, and dissolved and allowed to crystallize in the 
same manner. 

A still greater change than those jjiespribed, is induced upon 
certain bodies by exposure to a high temperature,* without any 
corresponding change in their composition. Several metallic 
peroxides, such as alumina, oVde of chromium and peroxide of 
tin cease to be soluWe in aCids after being heated to redness. 
The same is true of a variety of salts, such as many phos- 
phates, antinioniates and ^ silicates. All these bodies contain 
water in combination, whefl most readily dissolved by acids, 
which constituent is dissipated at a *high temperature, but in 
general before ^the losSi of solubility occurs, so that the con- 
tained water alone is not the cause of the solubility. Berzelius 
remarked an appearance often observable when such bodies are 
under the influence of heat, and in the act of passing from the 
soluble to the insoltfble state. They suddenly glow or become 
luminous, rising in temperature above the containing vessel, 
from a discharge of heat. The rare mineral gadol^uite affords a 
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beautiful example of this change. When heated it appears to 
burn, emits light, aiKj^ becomes yellow, but undergoes no 
change in weight. Many bodies* exhibit a feeble phosphores- 
cence when heated, }vliich has no relatipii to this change and 
is to be distinguished from it. * ^ - 

The circumstance most certain respecting this change in 
bodies, which aflfects so deeply their chemical properties, is 
that the bodies 4® not contain *a quantity of heat, after the 
change, which tfeey must have possessed before its occurrence 
in a combined or latent form. No ponderable constituent is 
losfi;, but there is tins loss of heat. A change of arrangement 
of the particles, it is true, might occur at the same time in some 
of these bodies, such a« is observed when sulphite of soda is 
qpn verted 'by heat into a mixture of sulphate of soda and sul- 
phuret of sodium, without change of weight ; but it would be 
difficult to apply an explanation of this nature to oxides, such 
as alumina and peroxide of tin, which contain only two con- 
stituents. The loss of heat observed will afford all the ex- 
planation necessary if heat be admitted as a constituent of 
bodies equally essential as their ponderable elements. As the... 
oxide of chromium ppssesses more combined heat when in the 
soluble than in the insoluble state, the first may justly be viewed 
as the higher calorurety and the body in question may have 
different proportions of this as well as of any other constituent. 
But it is to be regretted that our knowledge respecting heat as 
a constituent of bodies is extremely limited; the definite pro- 
portion in which it enters into ice and other solids dn melting, 
and into sfenta and vapours has been studied, and also the pro- 
portion emitted during the comlji^stion of many bodies, which 
has likewise proved to be definite. But the influence wffich its 
addition or subtraction may have on the c*hemical properties of 
a body is at present entirely matter of conjecture. The pheno- 
mena undfir consi(lerati* »a seem to require the admission of heat 
as a true constituent whieJi can modify the properties of bodies 
very considerably, otherwise a great ^physical law must be 
abandoned, namely, that no change of properties can occur 
without a change of composition*/^ But if heat be once ad- 
mitted as a chemical constituent of bodies, then a solution 
of the present difficulties may be looked forj, for nothing is more 
certain than that a change in composition wifi account for any 
change in projwties.” Heat thus combined 
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portions with bodies and viewed as a constituent, must not be 
confounded with the specific heat of same bodies or their 
capacity for sensible heat, which* may have no relation to their 
combined heat. 


ISOMERISM. 

In such changes of properties the individuality of the body is 
never lost. But numerous instances have presi^nted themselves 
of two or more bodies possessing the jjame composition, which 
are unquestionably different substances and not mutually con- 
vertible into each other. Different bodies thus agreeing in « 
composition but differing in properties •are said to be isomeric^ 
(from liTOQy equal, and /ucpoc, part), and their delation is 
termed isomerism^ The discovery of such bodies excited much 
interest and they have received of late years a considerable 
^hare of the attention of chemists. But tlie result of a careful 
study of the bodies associated by similarity of form, though 
differing in properties, has been upon the wdiole unfavourable 
to* the doctrine of isomerism. Isomeric bodies have in general 
been found to agree in the relative proportion of tWeir consti- 
tuents only, and to differ either in the aggregate number of 
the atoms composing them, or in the mode of arrangement of 
these atoms ; and very few cases of isomerism now remain which 
do not admit of explanation, Tliis is what was to*fae expected, 
for isomerism in the abstract is improbable, a difference in pro- 
perties between bodies, without a ^difference in their composi- 
tion, appearing to be an effect without a sufficient cause. Hence, 
the term isqmerisni is now'j^enerally employed in a limited 
sense, to indicate simply the identity in composition of tw'o or 
more bodies as expressed in the proportion of their constituents 
in 100 parts. Several classes of such isomeric bodies may be 
formed. 

^ The members of the most numerous^ass of isomericbodies differ 
in atomic weight. Thus we know at present three gases, three or 
four liquids, ancl as many solids which all consist exactly of carbon 
and hydrogen in the proportion of one atom to one atom, or in 
weighty of 86 parts of carbon and 14 of hydrogen very nearly. 
These bodies agree* in ultimate composition, but differ com^ 
|)letely in every other re^ject. But a representation of their 
Ohemical Oons|itution explains at once the cause of the diffe- 
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rences they present, is obvious in the foUorwing formulse of 
four of tlie best characterized members of this isomeric 

' f 

group : 

^ Equiralenls and combining- measure. 

Methylene. • • . ' or 4 v^umes. 

Olefiant gas. . 1 H 4 or 4 volumes. 

Gas from oil. ! • . Cg Hg or 4 volumes. 

Cetene. . . . C 32 H 32 or 4 volumesw 


It thus appears tJiat the atom of cetene contains four times as 
many atoms of carbon aird hydrogen as the atom of the gas 
frofa oil, eight times as many as the atom of olefiant gas^ and 
" sixteen times as many as the atom of methylene ; while as the 
atom of all these bodies affords the same measure of vapour or 
four volumes, they must differ as much in density as they do 
in the number of tlieir constituent atoms. It is not surprizing, 
therefore, that they all possess different and peculiar properties. 
Several groups of bodies might' be selected from Table II, at 
page 124, whicli have a similar relation to each other, the num- 
ber of their atoms being different, although their relative pro- 
portion is the same, such as : 

Oil of lemons. . . . Cio Hs 

Oil of turpentine. . . C 20 Hie 

and, 

Naphthaline. . . . Hg 

Paranaj^hthaline. • . Cgg Hjg 

A still more remarkable case is presented to us in alcohol^ 
and the ethen from wood- spirit, in which there is identity of 
condensation as well as of composition, with different equiva- 
lents. Their vapours have in fi^t the same specific gravity, 
and contain under equal volumes, equal (][uantities of carbon, 
hydrogen and oxygen. But we know that each of these bodies 
is composed of two others alcohol of one atom of olefiant gas, 
and two atoms of water ; and the ether of wood-spirit, of one 
atom of methylene, and olie of water, so that their constitution 
and rational formulse are quite different': 

Alcohol. . . # C 4 H 4 -|- 2 ttO 

Ether of wood spirit. . -f HO 

In another class of isomeric bodies, the atomic weight may 
be equal, as well as the elementary composition. A pair be- 
longing to this class are known, which coincide besides in the 
specific gravity of their vapours. The composition and atom 
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of l>oth formic ether and the acetate of methylene may be re- 
presented by C5 H5 O4, the density oft^oth their vapours is 
2574 ; and what is very remafkijble, these bodies in their ordi- 
nary liquid state alraast coincide in properties, the density of 
formic ether being 0.916, and that of the acetate of methylene 
0.919, (density of water being 1000), whUe the first boils at* 
1330, and the last at ISO-i**. But when acted on by alkalies, 
their products are entirely efifferent, the one affording formic 
acid and alcohol, and the other acetic acid# and wood-spirit. 
Each of the isomeric bodies in question contains, indeed, two 
different binary compounds, and their constitution is truly rej)re- 
sentedby different formulm : 

Formic ether. . • . C4 Hg O-f Cg H O3 

Acetate of methylene. . Cg H3 0+04*113 O3 
in which the same atoms are seen to be very differently ar- 
ranged. 

• The last class of isomeric^ bodies are of the same atomic 
weights, but their constitution or molecular arrangement 
being unknown, their isomerism, cannot at present be ex- 
plained. It can scarcely be doubted, however, that their mole- 
cular arrangement is realty different. # Cyanic afid fulminic ' 
acids are in this predicament, their common formula being 
N C2 O. Malic and citric acids were also believed to present a 
similar relation, but recent discoveries respecting the constitu- 
tion of their salts have separated these and several other acids 
heretofore viewed as isomeric.' ^ 

One pair, however, of isomeric bodies remains which have 
defeated every attempt at explanation, the racemic and tartaric 
acids, whiA exhibit a sinfikirity of properties, and t paralle- 
lism in their cheipical characters that arc truly astonishing. 
These acidi; are found together in the grape of the upper Rhine. 
They differ ccrtisiderablj in solubility, the racemic being the 
least soluble, so that they*may be separated from ehch other by 
crystallization ; and the racemic acitl contains an atom of water 
of crystalliza^on, which is not found in the crystals of tartaric 
acid. They form salts which correspond very closely in their 
solubility and other properties. The bitartrate and biracemate 
of potash are both sparingly soltlble salts: the tartrates and 
racemates of liiiie,*lead and barytes are all alike insoluble. Both 
acids form a double salt with soda and ammonia, which is an • 
unusuel kind of combination. But what is most surprizing, 
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crystals of these double salts^ not only coincide in the propor- 
tion of their water and'^ther con^stituehts and in the composi- 
tion of their acids but also in external form, .^having been ob- 
served by Mitscherlich to be isomorphous* A nearer approach 
to identity could scarcely be conceived than is exJhibited by 
these bodies, whiclu are, indeed, the same both in form and 
composition. The crystiillized acids are both modified in an 
unusual manner by heat, and form three classes of salts, as 
phosphoric acid does. The formula of both acids in their ordi- 
nary class of salts is Cg ^4 O^^-H two atoms of base (Fremy). 
But by no treatment can the one acid be transmuted into the 
other. Lastly, every organic acid produces a new acid by des- 
tructive distillation, which is peculiar to it and is termed its 
pyr-acid. Now racemic and tartaric acid, when destroyed by 
heat, agree in giving birth to one and the same pyr-acid. 

ARRANGEMENT OF THE ELEMENTS IN COMPOUNDS. 

The names of some compounds imply that they contain 
other compounds, and indicate a certain atomic constitution, 
while the names of other compounds ^ express no particular ar- 
4*angement of their constituent atoms, but leave it to be inferred 
that the atoms are all directly combined together. Thus sul- 
phate of soda ^implies the continued existence of sulphuric acid 
and soda in the sjlt, while nitric acid or peroxide of hydrogen, 
supposes no partition of ^lie^compound to which it is applied. 
But, it is to be •remembered that the original framers of the no^ 
menclature were guided more by facilities of an etymological 
nature in constructing such termsf^lmn by views of the consti- 
tution of compounds. , 

Of a binary compound containing single atoms of its con- 
stituents, there cannot bo two modes, of representing the con- 
stitution, but where one of the constituents is present in the 
proportion of two or more atoms, several hypotheses can always 
be formed of their mode of aggregation. In a scries of binary 
combinations of the same elements, such as that of nitrogen 
and oxygen, NOj, NO^i, NO3, NO4, NOg, the simplest view 
has generally been taken, nalnely that it is the elements theqa- 
selves which unite. But in particular cases the chemist is often 
involuntarily led into another opinion. Thus deutoxide of ni- 
trogen is so of^n a product of the decomposition of nitric add, 
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that it appears more like a compound o^hat oxide of nitrogen 
with oxygen, than a compound. of nitrogen itself with oxygen. 
When the peroxij^e of hydrogen was first discovered by Thenard, 
he was led by the wBole train of its properties to view it as a 
compound of water and oxygen, into which it is resolved with 
so much facility, and to name it accordingjy osoygeimted water ^ • 
which it may be, and not a direct combination ctf hydrogen and 
oxygen; or its formula may be HO+O, and not HOg. The 
periodide of potassium and the other analogous compounds 
obtained by dissolving iodine in metallic iodides, were first 
termed ioduretted iodides from similar considerations, and the 
hyposulphites, obtained by dissolving sulphur in sulphites,' 
sulphuretted sulphites. It may he doubted whether chemists 
would return witli advantage to any of tl¥)se expressions, the 
views of composition wliich they indicate being uncertain, and 
not oflering a sufficient inducement to depart from the more 
systematic designations. 'Hie peroxide of hydrogen, for instance, 
may be easily resolved into water and oxygen, not because 
water pre-exists in it, but because water is a compound of great 
stability and is formed when peroxide of hydrogen^ is decom- 
posed. Nitric acid, als(> is as likely t« be a compound of 
peroxide of nitrogen with an additional atom of oxygen, as of 
deutoxide of nitrogen, with three atoms of the same element. 

Certain compound bodies, however, have beep observed to 
act the part of a simple body in combination, ^nd can be traced 
through a series of compounds. IJif^/ollowing substances, for 
instance, may be represented with considerable* probability as 
compounds of carbonic oxide^ as in the formula3 ; 

CO, carbonic oxide. 

CQ-f O, carbonic acid. 

CO-i-Cl, chloroxicarbonic acid. 

2CO-fO,. oxalic acid. 

2CO-fCl, chloroxalic acid. 

Carbonic oxide is said to be the radical of this scries, a name 
applied to aijy compound which is* capable of combininy with 
simple bodies^ as. carbonic oxide appears to do with oxygen and 
chlorine in these compounds. Messrs, Liebig and Wohler have 
shewn by decisive experiments that* such a radical exists in the 
benzoic combinations, wluch may be represented thus : 

0^4 Hg 024*0, benzoic acid. 

Ci 4 Hg 024* H, essential oil of almonds 
Ci 4 Hg Qa+CI^ chloride of benzoyle, etc. 



160 ARRANGEMENT OF THE ELEMENTS IN C\iMPOUNDS. 


Cyanogen was the fir^t recognised member of the class of com- 
pound radicals, of whiJSi the lyimber known to chemists is con- 
stantly increasing, and which appear to pervade the whole 
compounds of organic chemistiy. In Combining with simple 
bodies, radicals act thcepart of other simple bodie^s, such as 
^ metals, chlorine, oxygen, etc., which they replace in compounds. 

Constitution "bf salts. Of the supposed combinations of binary 
compounds with' binary compounds, the most numerous and 
important class are salts. Sulphate of soda is commoAly viewed 
as a direct combination '-of sulphuric acid and soda, each pre- 
serving its proper nature in the compound ; and so are all similar 
compounds of an acid oxide with a basic oxide. An oxygen 
acid is allowed to exist 'in them, and they are particularly dis- 
tinguished as oxygcii-acid salts.’* But an opinion was pro- 
mulgated long ago by Davy, tliat these salts might be consti- 
tuted on the plan of the binary compounds of the former class, 
and their hydrated acids on the plan of a hydrogen acid ; a view— 
which is supported by many analogies, and has latterly had a 
preference given to it by some of our leading chemical authori- 
ties. It is, therefore, deserving of serious consideration. 

One class of acids^ the hydrogen acids, and the salts vrhicli 
they produce with alkalies, are unquestionably binary (jom- 
pounds, and were assumed by Davy as the types of acids and 
salts in general. Hydrochloric acid is composed of two ele- 
ments, chlorine ^ancl hydrogen, and with soda it forms water 
and chloride of sodium, r 


Hydrochloric acid 
Soda 


f Hydrogen, 
\ Chlorine, 
r Oxygen. 

\ Sodium. 



Water. 

Chloride of sodium. 


the hydrogen of the acid being replaced by sodium in the salt 
formed. Hydrocyanic is another hydrogen acid, of which 
cyanide o/ sodium is a salt. In general terms, itradical (which 
may be either simple or compound, like chlorine or cyanogen) 
forms an acid with hydrogen, and a salt with sodium or any 
other metal. 

Hydrated stilphuric acid, which consists of sulphuric acid and 
anatom of water, HO-fSOg, is represented as a hydrogen acsid 
by transferring the oxygen of the water to the sulphuric acid, 
to form a new radical, SO4, which is supposed to be in direct 
combination yith the remaining atom of hydrogen, as H+SO4. 
In sulphate of soda, the oxygen of the .soda is in the same 
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manner transferred to the acid, or the formula of the salt is 
changed from NaO+SO^ to Na + SO^ To SO4, which is 
generally spoken of as the siflpJiate radical,’^ the name 
toxyg'en may be^ applied, ,and its compouryis be called suljjhor- 
toxides; a^d then the acid ^nd salt ^will be thus named and 
denoted on the two vier^s of their constitution : < 

Old view : 

Hydrated sulphuric acid or sulphate of 
oxicle of hydrogen. . . . HO + SO3 

Sulphate of soda or sulphate of cecide of • 

sodium NaO + SO3 

New view : 

Sulphatoxide of hydrogen. . . H -f SQ^ 

Sulphatoxide of sodium. . . • Na-fSO^; 

which last formula) are strictly comparable with those of an 
admitted hydrogen acid and its salt, such as : 

Hydrochloric acid or chloride of hydro- 
gen H+Cl 

Chloride of sodium. . . . Na + Cl; 

or as : 

Hydrocyanic acid oi* cyanide of hydros 
gen. ...... H+NC2 

Cyanide of sodium. . . . Nti-f NCg ; 

which thus appear compounds of three different radicals, 

chlorine (Cl), cyanogen (NC^), and sulphatox^y^gen (SO4), ' with 
the same elementary bodies, hydrdgefl and sodium. Sulpha- 
toxygen is known only in combination, and has not been ob- 
tained in a separate state lit ^ chlorine and cyanogen. The 
body, sulphuric acid, SO,, which may be separated from some 
sulphates and can exfst by itself, is supposed to be a product of 
their decomposition and not to pre-exist in these salts, so that 
it has a secondary character assigned to it. • 

Hydrated nitric acid, or aqua fortis,J)ecome^i a hydrogen acid, 
by the creation of a nitrate radical, nitratoxygen. It is the ni- 
Iptoxide of h j^rogen instead of the nitrate of water, 

H + NOg, instead of HO +NO5. 

The nitrate of potash becomes the* nitratoxide of potassium, 
and so of all other nitarates. The existence of nitratoxygen is 
hypothetical, as it has not been insulated, but in this respect it 
is not otherwise situated than nitric acid itself, which cannot be 
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exhibited in a separate state, and is believed to be capable of 
existing only in a state^f combination. 

It is evident that the same View is applicable to hydrated 
oxygen acids iji general, which may be made hydrogen acids, 
by assumkig the existence of a new radical for each^„ containing 
an atom more of oxygen than the oxygen acid itself, • and 
capable of coiiibiiiing directly with hydrogen and the metals. 
Tlie class of oxygen-acid salts ' is thus abolished, and they 
Ijecomo binaryr compounds like the chlorides and cyanides. 
Even oxygen-acids themselves can no longer be recognized. 
It is not sulphuric acid (SO3), but what was formerly viewed as 
its compound with water, that is the acid, and it is a hydrogen 
acid. The properties wliich characterize acids are undoubtedly 
only observed in ^he hydrates of the oxygen acids. Thus the 
anhydrous sulphuric acid does not redden litmus, and exhibits 
a disposition to combine with salts, such as chloride of potas- 
sium and sulphate of potash,** rather than with bases. Tha. 
liquid carbonic acid has little affinity for water, does not com- 
bine directly >rith lime, but dissolves in alcohol, ether and es- 
sential oils like certain neutral bodies. It is only when asso- 
ciated with water that the bodies referred to exhibit acid pro- 
perties, and then hydrogen acids may be produced. 

On tills view? it is obvious that the acid and salt are ’ really 
bodies of the same constitution, hyilrochloric acid being the 
fchloride of fiydrpgen, as common salt is the chloride of sodium, 
and sulphuric acid and sul[)^hate of soda, being the sulphatoxides 
of hydrogen and of sodium. The acid reaction and sour taste 
are not peculiar to the hydrogen compound and do not separate 
it from the others, the chloridc/^ulphatoxide and nitratoxide of 
copper being nearly as acid and corrosive as the chloride, 
sulphatoxide and nitratoxide of hydrogen, and clearly bodies of 
the same character composition. They are all equally 
salts in constitution. The theoiy in question, therefore, is 
truly a theory of salts, ^nd might be distinguished as " the 
theory of Binary Salts,” or some such name, with more pro- 
priety than the theory of hydrogen acids. Tlie term ** acid*’ 
is not absolutely required for any class of bodies included in 
the theory, and might, thfjrefore, be dropt, if it were not that 
an inconvenience would be felt in having no common name 
for the hydrogen compounds, which have so many common 
uses. But overlooking this consideration, the supporters of 
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this theory might, perhaps, simplify the expression of it, and 
conciliate their opponents by allowing tlmt class of bodies to 
retain the name of acid which first bore it, although, of course, 
in a sense consistent with their ^own views. • It would then be 
such bodie/as anhydrous sulphuric add (SO3), anhydrous ni- 
tric ecid (NO5), that would compose the cl^s of acids and 
in considering the generation of salts, three oitlers of bodies 
would be admitted, as in the /ollowing tabular exposition of a 


few examples : 


- 

I. 

II. 

111. 

The acid. ' 

The salt-radical. 

The salt. 

SO3 

SO4 . 

SO4 -h H or a Metal. 

NOg 

NO« . 

NOf^-hH or a Metal. 


NC, . 

NC2"f H or a Metal, 


Cl 

Cl 4“ H or a Metal. 


The first term of the series, or the acid,^^ is wanting in the 
last two examples, and that is the peculiarity of those bodies 
which constituted the original class of hydrogen acids and their 
salts. While the old class of oxygen-acid salts have both a 
radical and an acid, as in the first two examples. 

The peculiar advantages of the Binary Tl^eory of Sails, are — 

First ; That instead of two it makes but one great class of 
salts, assimilating in constitution bodies which certainly resem- 
ble each other in properties. * Chloride of sodium and sulphate 
of soda are both neutral, and possess a common character, which 
is that of a soda-salt, but they are separated widely from each 
other on the ordinary view of their constitution w^hich is ex- 
pressed in their names. 

Secondly; It accounts for remarkable law which is ob- 
served in the construction of salts ; namely, that bases always 
combine with as many atoms ‘of acid, as they themselves con- 
tain of oxygen; a protoxide, which contains one atom of 
oxygen combining and foirnii^ a neutral salt with one* atom of 
an oxygen acid; while an oxide which •contains two atoms of 
oxygen to one of metal, like peroxide of tin, forms a neutral 
salt with two atoms of acid; and an oxide of three atoms of 
oxygen to two of m*etal, like peroxide of iron, forms a neutral 
salt with three atoms of acid. The acid and oxygen are thus 
always together in tlie«exact proportion to form the salt-radical, 
there being always an atom of oxygen for every atom of acid 
in the salt. This will appear more distinctly in the following 

M 2 
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formulae which exhibit the composition of the neutral sulphates 
of a metal in four Sifferent states of oxidation, an atom of 
metal being represented by M. ‘ 

Fahnuke of neutral sulphates, 

I. II. 

As consisting of *As consisting of metal 

oxide and acid. and salt-radical. 

MO + SO3 . * M-f SO4 . *as in sulphate of soda. 

M20-fS03 M2 4’S04 . as in sulphate of suboxide of 

mercury. 

MO2+2SO3 • M+2SO4 • in sulphate of peroxide of 

tin. 

M2O3 + 3SO3 . M2-f3S04 . as in sulphate of peroxide of 
, iron. 

The acid is seen in the first column to be always in the proper 
proportion to form a sulphatoxide of the metal in the second 
column j and these sulphatexides correspond exactly wkh 
known chlorides, such as M Cl, M2 Cl, M CI2, M2 CI3. 

Thirdly : It offers a more simple and philosophical explana- 
tion of the action of certain metals upon acid solutions, and of 
the decomposition ^ of such solutions in other circumstances. 
Thus when zinc is introduced into hydrochloric acid, it is 
allowed on both views, that the metal simply displaces the 
hydrogen which is evolved, and that chloride of zinc is farmed 
in the place of chloride of hydrogen. In the same way when 
zinc is introduced into diluted sulphuric acid, which contains 
the sulphatoxide of hydrogen on the binary theory, hydrogen 
is simply displaced and evolved as before, and the sulphatoxide 
of zinc formed instead of the wllphatoxide of hydrogen. The 
metal in question appears to be incapable of decomposing pure 
wafer by displacing its hydrogen at the temperature of the air ; 
but this fact does not interfere with the preceding explanation, as 
zinc may have a greater affinity for sulphatoxygen than for 
oxygen, and, therefore,* be capable of decomposing the sulphat- 
oxide, but not the oxide of hydrogen. If the acid solution, 
however, contains sulphate of water, as it *dpes on the old 
view, then zinc does and does not decompose water, decom- 
posing it when in combination, but not when free. It then 
becomes necessary to assume that the presence of the acid en- 
hances the affinity of the metal for the oxygpn of the water, 
in a manner which cannot be clearly explained ; for the solu- 
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bility of oxide of zinc in the acid, to/ which its influence 
is generally ascribed, accounts for the continuance of the action, 
by providing for the removal of the oxide, rather than for its 
first comintincement. Tlie phenomena of the decomposition 
of an acid* solution by electricity, are also most simply ex- 
plained on the binary theory. Oxide of hydrogen and sul- 
jfiiatoxide of hydrogen, are both binary ^ electrolytes,^ which 
are decomposed by the electric current in the same manner, 
although not. with equal facility, the common element, hydro- 
gen, proceeding from both to the negative electrode, and the 
oxygen in the one case and the sulphatoxyg^n in the other to 
the positive electrode. The sulphatoxygen finds water there, 
and resolves itself into sidphatoxide of hydrogen ‘and free 
oxygen. The decomposition of the sulphatoxide of sodium .or 
any other salt may be explained in the same simple manner ; 
while on the other view, it must^ be assumed that a simulta- 
neous transference between the electrodes of acid and alkali 
with the oxygen and hydrogen of water takes place ; and the 
effect of the acid in promoting the decomposition of the water 
remains unaccounted for. • 

When a metallic oxide dissolved in an acid solution, as 
oxide of zinc in diluted sulphuric acid, the reaction which 
occurs is thus explained on the binarjfc theory : 

Sulphatoxide f Hydrogen . . -.Water 

of liydrogen.L Sulphatoxygen . ^ • 

Oxide of f Oxygen . -jx V. • 

zinc. \Zinc . . . S ulphatoxide of zinc ; 

as in the reaction between tlje same oxide and hydrocldoric 
acid (page 160). 

The chief objections to the binary theory of salts, are — 

First : The creation of so many hypothetical radicals ; namely, 
one for every class of oxygen-acid salts. But it is to l)e re- 
membered that the great proportion qf oxygen acids, such as 
nitric, acetic, oxalic, &c. are equally of an ideal character 
and cannot be exhibited in a separate state. 

Secondly : The peculiarities of the salts of phosplioric acid 
are supposed to be inimical to the new view. That acid forms 
three different and independent classes of salts, containing 
respectively one, two and tliree atoms of base to one of acid. 
On the binary theory, tliese three classes of salts must contain 
three different radicals, combined respectively witji one, two 



166 ARRANGEMENT OF THE ELEMENTS IN CIXMPOUNDS. 

and tiiree atoms of hjfdrogen or metal. The three phosphates 
of water and the corresponding phosphatoxides of hydrogen 
would be represented as follows : 

HO+PO, 2HO-fP05 \ 3HO + PO5 

* H-fPOe . 2ll + PO^ . 3HVPO« 

Such radicals , and %uch compounds with hydrogen startle us 
from their novelty, but it may he questioned whether they are 
really more singular than the anormal classes of phosphates, 
containing several atoms of base, for which they are substi- 
tuted, but which we have been more accustomed to contem- 
plate. All the sale-radicals known in a separate state, such as 
chlorine and cyanogen,, combine with one atom only of hydro- 
gen or metal, but it would be unfair to assume in the present 
imperfect state of our knowledge that other radicals may not 
exist, capable of combining with two or three atoms of metal, 
as the phosphate radicals are i^upposed tO do. The existence of 
at least one such radical is highly probable, as will afterwards 
appear. 

In conclusion, it may be stated that neither view of the con- 
stitution of the oxygen-acid salts, (which are alone affected by 
this discussion), rests on demonsCrative evidence— they are 
both hypotheses and are both capable of explaining all the 
phenomena of the salts. But to whichever of them we give a 
preference, <we can scarcely avoid using the language of the 
old theory in thfe present state of chemical science. 

Without deciding dcfiftitiv^ly in favour of one or other 
of these views, a distribution of the great class of salts into 
three orders may be made. certain number of salts con- 
tain radicals which can be isolated, others oxygen-acids 
which can be isolated, while others have yet afforded neither 
radical nor acid in a separate state. Hence, there are : 

1. Salto of isolable nidicals: jchlorides, cyanides, sulpho- 
cyanides, &c. , 

2* Salts of isolable acids : sulphates, carbonates, &c. 

3. Salts which contain neither an isolable jradical nor an 
isolable acid ; nitrates, acetates, hyposulphites, &c. Even 
admitting that all salts^ have the same constitution, the 
capability of breaking up in such different ways must affect 
their modes of decomposition in different circumstances, and 
produce distinctions in properties which would ^render such a 
division of tbem expedient. 
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It has become necessary to recognise three classes of oxygen- 
acid salts, which in the language /)f the old theory contain, one, 
two and three atoms of base to one of acid, 

1, Monobasic salts.— Tlie gr^at proportion of acids, such as 
sulphuric, citric, &c. neutralize but ono atom of base, andfonn, 
therefore, monohoaic salts. But this is n^t inconsistent witli 
an acid^s forming two series of^salts with the same base pr class 
of isomorphous bases. Thus there appear • to be two well 
marked classes of sulphates of the magnesijfti oxides, which 
agree in having one atom of base, butf differ essentially in the 
proportions of combined water which they affect. In one series tTic 
sulphate is combined with one, three, five or seven atoms of 
water. Copperas (a sulphate of iron), epsom salt (a sulphate 
of magnesia), blue vitriol (a sulphate of copper), and most of 
the well known magnesian sulphates belong to this class, wdiicli 
may l>e called the copperas class of sulphates. All the mem- 
bers of it are very soluble in watfer, and form doul)le salts with 
sulphate of potash. The other series affect two, four and six 
atoms of water. They are less known, but appear to be of 
sparing solubility, and to be incapable of forming double, salts 
with sulphate of potash. Ijl\psum or s*ulj)tiate of lime belongs 
to this class, which may, therefore, be called the gypsum class 
of magnesian sulphates. Sulphate of iron crystallizes from 
solution in sulphuric acid with two atoms of wa^^r, with the 
crystalline form and sparing solubility of gypsum. Dr. Kane 
obtained a sulphate of copper wdtb fpur atoms of wattT, by 
exposing the anhydrous salt to the vapour of hydrocliloric 
acid, which appears to be the second term in this series ; and 
Mitscherlich still maintains the'existcnce of a peculiar sulpiiate 
of magnesia containing six atoms of water of crystallization, 
which will constitute the third term. It is evident that the 
cause of such double classes of salts is as deeply seate<l as 
that of dimorphism, and hence, possil)!^, the magnesian sulpliate 
itself, which exists in the two classes, is not the same in its 
constitution wijh reference to heat. 

Bibasic «fl//5.7-That class of phosphates, which received the 
name of pyrophosphates, was the only class of salts, known till 
lately, in which one atom of acid neutralizes two atoms of base. 
But according to the* recent results of Fremy which have beem 
favouraldy reported upon by Dumas,’^ the classes of tartrates 

» LUnslitut, May lS38, p. 141. 
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and racemates which ^ave long been known to chemists', are 
also bibasic salts. It is the chara^cter of a bibasic acid to unite 
at once with two different bases, which accounts for the for- 
mation of Rochelle ' salt, the tartrate of potash and soda, of 
which the formula is KOi Na O-f Cg H4 Ojo* Liebig has also 
lately shown tliat gallic acid is bibasic,^ the gallate of lead 
being thus composed 2Pb O -I- iH Og, Now if we attempt to 
make this a monbbasic salt by dividing the atoms both in base 
and acid by two, an atom of gallic acid would come to contain 
h^f an equivalent of hydtogen, which Liebig considers as con- 
clusive against tlte division of its atomic weight. Lactic 
acid also is likely to prove bibasic. 

3 . Tribg^sic Salts . — ^The tribasic phosphates have proved to 
be the type of a class of salts. One atom of arsenic acid neu- 
tralizes tliree atoms of base ; so, it is probable, does one atom 
of phosphorous acid. Tannic acid also saturates three atoms 
of base, the formula of the tannate of lead being SPbO-fCjg 
Hg O9 (Liebig). There is the same necessity to admit that 
citric acid is tribasic, and the formula of a citrate SMO-f-Ci^ 
Hg Oij, (in which M represents an atom of metal or of hy- 
drogen) as there is tb allow that gallic acid is bibasic. Most 
of the citrates contain two atoms of fixed base, and one of water, 
but the citrate Of silver contains three atoms of oxide of silver. 
Cyanic, cyaiuiric and fulminic acids are isomeric, and all tribasic 
according to Liebig. The same chemist has also lately ascertained 
that the related acids, mecomic, metameconic and pyromeconic, 
are respectively tribasic, bibasic and monobasic.f 

Two of the three atoms of hasp in this class of salts may be 
diflFerent as is observed in certain citrates, cyanurates and 
phosphates, or the whole three may be different as in the 
phosphate called microcosmic salt, which contains at once soda, 
oxide of apamonium ami water as basest Two or more of the 
bases may likewise be isomorphous, or at least belong to the 
same' natural family as soda and oxide of ammonium, water 
and magnesia. This class and the last will probably be rapidly 
augmented by the addition of organic acids. JDumas considers 
it probable that the organic acids which are not volatile, like 

* L^Institut, May 1838, page 141 . ^ 

t Letter from M. Liebig, dated Apii! 2, 1838. 

I Inquiries respecting the constitution uf salts ; of oxalates, nitrates, phosphates, 
sulphates and ch^rides. Phil. Trans. 1837, page 47. 
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tartaric and citric acids, have all a high jtomic weight, which 
causes them to be fixed, and that the received equivalents of 
some of them may, therefore, require to be iittreased, which 
would afford room for 'dewing them as bibaSic or tribasic. 

Salts us%ally denominated Subsalts. • The preceding classes 
of salts, and many other bodies also are capable^ of combining 
with a certain proportion of water, generally vaguely spoken of 
as water of crystallization. The compounds' of the present 
class appear to be salts which have assumed a fixed metallic 
oxide in the place of this water. They*may, therefore, be truly 
neutral in composition, the excess of oxide not standing in the 
relation of base to the acid. I have ^elsewhere shewn that 
crystallized nitrate of copper, nitrate of water, (acid of sp. gr. 
1.42), and subnitrate of copper may be rljprcsented by the 
formulae, CuO, NO 5 + 3HO ; HO, NO 5 + 3 HO ; and HO, 
NOg-fHCuO, and have distinguished as constitutional^ the 
three atoms of water which exist in these and all the mag- 
nesian nitrates, and which are replaced by three atoms of oxide 
of copper in the subnitrate of copper, which is, therefore, a 
nitrate of water with constitutional (not basic) oxide qf copper, 
a view which is expressed the arrangeifient of the symbols 
in its formula. Water, oxide of copper and oxide of lead 
appear to be the bodies most disposed to attdeh themselves 
to salts in this manner. The strong alkalies, «potash and 
soda are never found in such a relation, or discharging any 
other function than that of base to • the acid of the salt. 
These views of subsalts, in wliich tlieir constitutional neutra- 
lity is preserved, have been adopted by Liebig and Dumas, 
and extended to organic compounds. Many neutral organic 
bodies appear to be capable of combining with metallic oxides 
particularly with oxide of leai, such as sugar, amidine, dextrine, 
orcine, and they generally, combine with several atoms of the 
oxide ; the neutral bodies mentioned Ijeing fixed and probably 
possessing a high atomic weight. Thus in the compound of 
orcine and oxide of lead, Hg Og + SPb O, the orcine must 
be present in the proportion of one atom, as the numbers of 
its constituent atoms have no common divisor 5 and the 
orcine, therefore, is combined with five atoms of constitutional 
oxide of lead, which actually replace five atoms of constitqjtional 
water which orcine otherwise contains. 

Constitutional water is sometimes replaced by s^salt^ which 
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never happens with |)asic water. 'Fhus starch or grape sugar, 
in its ordinary hydrated state, •consists of C12 Oi2 4-2HO ; 
of which the two atoms of water may be replaced by chloride of 
sodium, and the compound formed, C12 ^12 Oi2 + 2NaCl. It 
is to be observed that Ocnstitutiohal water is combTmed with a 
salt rather than in ©it, and such an element is removed and 
replaced without afiecting the structure of the body to which 
it may be said tO be attached. The replacing substance may 
also be a compbund of a very diflferent character from water, 
fqr besides metallic oxides and salts, ammonia and certaiit 
anhydrous acids appear to be capable of attaching themselves to 
salts, in the same manner as constitutional water. 

Salts of the type of red chromate of potash. Several salts 
unite with anhydrous acids. Tims both chloride of sodium 
and chloride of potassium absorb and combine with two atoms 
of anhydrous sulphuric acid without decomposition, wlien 
exposed to the vapour of that substance. Sulphate of potash 
also combines with one atom of anhydrous sulphuric acid. 
All these compounds are destroyed by water. But the red 
chromate^ of potash, generally called bichromate of potash, 
which consists of clfromate of potash together with one atom 
of chromic acid, is possessed of greater stability, as is likewise 
the compound" of chloride of sodium or potassium with two 
atoms chromic acid. The red chromate might be viewed as 
a chromate of « the chromate of potash, and the two last 
compounds as bichromateu of the chlorides of potassium and 
sodium, but ‘ these expressions are more convenient than phi- 
losophical, and it will be safer in Jhe present state of our know- 
ledge to assimilate these salts iu composition to the combina- 
tions of neutral bodies with constitutional water, particularly 
as v^e find the proportion of acid to be variable, and generally 
to be mo3fe than one atom. Thus^a* compound is known con- 
taining one atom of pojash and three of chromic acid, which 
may be viewed as a combination of chromate of potash with 
two atoms of chromic acid, and represented hy KO, Cr O3 
-|-2Cr03. The red chromate of potash will then be KO, 
Cr03 -i-Cr03, and the chromate containing chloride of po- 
tassium, K Cl -b 2Cr O3. The biniodate of potash (iodate of 
water and potash) may be rendered anhydirous, and while so, 
is a salt of this class. 

Double Siflts.^ Salts combine with each other, 1 )ut by no 
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means indiscriminately. With a few exceptions which may be 
placed out of consideration for the present, the combining salts 
have always the same acid, sulphates combining with sulphates, 
chlorides with chlorides. Theiu bases or thSir metals, however, 
must belong to different natural fandfilies. Thus it may be 
questioned whether a salt of potash ever cctnbines with a salt 
of soda, certainly never with a ^alt of ammonia. Salts of the 
numerous metals including hydrogen, belonging to the magne- 
sian family, do not combine together ; thus sulphate of magne- 
sia does not form a double salt with* sulphate of lime, with 
sulphate of zinc or with sulphate of water. While on the other 
hand salts of this family are much disjjosed to combine with 
salts of the potassium family; sulphate of soda, for# instance, 
forming double salts with sulphate of limtf, sulphate of zinc 
and sulphate of water. We have thus the means of distinguish- 
ing between a double salt, and the salt of a bibasic or tribasic 
acid, llie bisulphate and binoxalate of potash, saturated with 
soda, form sulphates and oxalates of potash and soda, which 
separate from each other by crystallization, although the acid 
salts are themselves double salts of water and potash. ^ But the 
acid fulminate of silver, or the acid tartfate of potash (bitar- 
trate) affords only one salt when saturated with soda, in which 
isomorphous bases exist, and which, therefore, ft a salt of one 
acid, and not a compound of two salts. * The great proportion 
of the salts which are named super, acid and l6i-salts, contain 
a salt of water and are double salts, such as the supercarbo- 
nate of soda (HO, COa + NaO, COg), the acid* sulphates of 
potash and the binacetate of so^a; but a few of them are bibasic or 
tribasic salts, containing one dr two atoms of water as base, 
such as the salt called bitartrate of potash, and biphosphate 
of potash (2 HO, KO-f POg/. 

There is no parallelism between the constitution of .a double 
salt, and that of a simple salt itself, oij foundation for the state- 
ments which are sometimes made, that one of the salts which 
compose a double salt has the relation to the other of an acid 
to a base, and tl^t one salt is electro-negative to the other. 
The resolution of a double salt into its constituent salts by 
electricity, has never been exhibited, and is not to be expected 
from what is known irf electrolytic action. While no analogy 
whatever subsists between a double salt and a simple salt on 
the binary view of the constitution of the latter. iBesides, the 
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supposed analogy is destroyed by what is known of the deriva- 
tion of double salts. Sulphate pf magnesia acquires an atom 
of sulphate of potash in the place of an atom of water which is 
strongly attached to it, in beeoming the double sulphate of 
magnesia and potash. Ifl the sanie way, the sulphate of water 
has an atom of watt^r also replaced by sulphate of potash, in 
becoming the bisulphate of potash ; relations which appear in 
the rational formulee of these salts : 

t 

Sulphate of magnesia , . • . . MgS(H)-|-6H 

Sulphate of magnesia and potash . . Mg S (K S) + 6H 

Sulphate of water (acid .of sp. gr. 1.7^) • H S (H) 

Bisulphate of potas]! . . . . H S (K S) 

It thus appears that a provision exists in sulphate of magne- 
sia itself for the formation of a double salt, and that the mole- 
cular structure is unaltered, notwithstanding the assumption of 
the sulphate of potash as a constituent. The derivation of the 
acid oxalates likewise, throws much light on the nature of dou- 
ble salts. , The oxalate of potash contains an atom of constitu- 
tional water, which ''is replaced by <iydrated oxalic acid (tlie 
crystallized oxalate of water), in the formation of the binoxalate 
of potash (double oxalate of potash and water), or by the oxa- 
late of copper in the folmation of the double oxalate of potash 
and copper, as Vjxhibited in the following formulee, in which 
the replacing substances enclosed in brackets to mark them 
as before : 

Oxalate of potash . . • . K CG (H) 

Binoxalate of potash . . . K CC (H CC H^) 

Oxalate of potash and copper . . K CC (Cu CC Hjj) 

• * 

Noyr the anomalous salt, quadroxdlate of potash, is derived in 
the same way from the biAoxalate, as the binoxalate itself is de- 
rived from the neutral oxalate, two atoms of water being dis- 
placed by two atoms of hydrated oxalic acid> tlms : 

Binoxalate of potash ' ^ . K CC, H CC, (2H) 

Cluadroxalate of potash . . K CG, HCC, ( 2 HCCH 2 ) 

These examples illustrate the derivation of double salts by 
substitution. ^ The structure of the salts too exemplifies what 
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may be called consecutive combination. The basis of the last 
mentioned salt, for instance, is pxaltte potash, which is in 
direct combination with oxalafe of water. . A compound body 
is thus produced which seems ^ to unite oa a whole, with two 
atoms of Ilf drated oxalic acid.. This is very different from the 
direct combination of all the elements whiclj compose the salt. 

In the formation of other classes of double siflts, no substi- 
tution is observed, but simply the attachment of two salts to- 
gether, often of an anhydrous with a hydratsd salt, in which 
case the last often carries its combined water along vdth 
it, and sometimes acquires an additional proportion. Thus 
in the formula of the double chloride of potassium and cop- 
per, K Cl-f Cu Cl, 2HO, the formula! Df its constituent salts 
reappear without alteration ; and in that ot alum, sulphate of 
potash is found with the hydrated sulphate of alumina annexed, 
of which the water is increased from eighteen to twenty-four 
atoms. In these and all other double salts, the characters of 
the constituent salts are very little affected by their state of 
union. If one of them has an acid reaction, like sulphate of 
alumina or chloride of copper, it retains the same character in 
combination; and nothing, resembling a mutual neiftralization 
of the salts by each other is, ever observed. 

The compounds of chlorides with chlorides, .and of iodides 
with iodides are numerous, and were slewed by Bonsdorf as 
simple salts, in which one of the chlorides is tjie acid, and the 
other the base. But such an opinioji can no longer be enter- 
tained, the chlorides themselves being unquestionably salts, 
and their compounds, therefore, double salts. 

The combinations of such*saks with each other' as contain 
different acids are no]: so well understood, the theory of their 
formation having been little • attended to. They are in general 
decomposed by water, an4 easily if the solubility of one of their 
constituents is considerable, *as is observed of the cornpounds of 
iodate of soda with one and with two \)roportions of chloride of 
sodium, of the^biniodate of potash with the sulphate of potash, 
of the oxalate of ^me with the chloride of calcium. 

The compound cyanides which form a considerable class of 
salts must be excepted from all the jjreceding general statements 
in regard to double Salts. Cyanides of the same family combine 
together, as cyanide of iron with cyanide of hydrogen ; the 
compound cyanide also generally consists of three and not of 
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two simple cyanides ; and lastly the properties of compound 
cyanides are very different frpm those of the simple cyanides 
which are supposed to compose' them. The simple cyanide of 
potassium, for instance, is higl^y poisonous, while the double 
cyanide of potassium alid iron is.>as mild in its action upon the 
animal economy sulphate of soda. But the compound 

cyanides may be removed from the class of double salts on a 
speculative view of their constitution, which their anomalous 
character warrants me in proposing. It is to be premised that 
the supposed double proto-cyanide of iron and potassium 
(yellow prussiate pf potash) affords no hydrocyanic acid what- 
ever when distilled with an excess of sulphuric acid at a tem- 
perature not exceeding" 100°, which suggests the idea that it 
does not contain cyanides or cyanogen. Assuming the existence 
of a new compound radical, N3 Cg, which has three times the 
atomic weight of cyanogen, and may be called prmsine, and 
which is also tribasic or capabfe of combining with three atoms 
of hydrogen or metal, like the radical of the tribasic class of 
phosphates, then the compound cyanides assume a constitution 
of extreme simplicity. We have one atom of prussine com- 
bined always with three atoms of Jiydrogen or metal in the 
following salts; in the proto-cyanide of iron and potassium 
with one of iron and two of potassium ; in the compound called 
ferro-cyanic^acid, witl§ one of iron and two of hydrogen; in 
Mosander’s salts, with one of iron, one of potassium and one 
of barium, calcium, &c.;^w\th two of iron and one of potassium 
in the salt which precipitates on distilling the yellow prussiate 
of potash with sulphuric acid at 212®, To many of these, pa- 
rallel combinations might be adifuced from the tribasic phos- 
phates. Prussides likewise combine together, producing double 
prussides, such as ; 

Percyanids of iron and potassium „ 

(red prussiate of potash) . Fcg, N3 Cg + Kg, N3 Cg 

Prussian bhie . - . • ^63, N3 Cg + Fcg, N, Cg 

Basic Prussian blue . . . Fcg, Ng Cg + Fcg*, Ng Cg + Fcg O3 

I 

One of the proximate constituents in the class of salts, is 
always a metal or hydrogeii on the one theory, or the oxide of 
a metal or of hydrogen on the other. The* metal or the oxide 
in the salt is often spoken of as its radical, or the oxide of its 
radical, expressions which are perfectly correct, but apt to lead 
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to confusion from the application of the term salt-radical'’ 
to the other constituent of the s^lt dn the binary theory. It 
may be useful, therefore, to haVe a specific expression for the 
metallic radical of a salt, such as b(wyk, a» term compounded 
q{ base^ wjjich is applied to the oxides of the metal, and vXt/, 
nature or principle^ a termination already adi>pted in particular 
cases in the sense here given to it. Thus of sufphate of soda, 
soda is the base and sodium the basyle ; and on the binary 
theory, sulphatoxygen being the salt-radical, sodium is still the 
basyle of the same salt. But the necessity for such a term ^s 
chiefly occasioned by the extension which h^s been made by 
chemists of their views respecting saline combination to the 
compounds of ammonia, and to the great class of bodjes called 
ethers, in which the existence of a compound basyle is re- 
cognized discharging the function of the simple metallic radi- 
cal in ordinary salts. 

^alts of Ammonia. Ammonia is a gasfeous compound of one 
atom of nitrogen and three of hydrogen, of which the solution 
in water is caustic and alhaline, and which neutralizes acids 
perfectly, as potash and soda do. But all its oxygen-acid 
salts contain, besides amnjonia, an atom •of water which is 
essential to them, and inseparable without the destruction of 
the salt ; and with this additional constituent, they are isomor- 
phous with the salts of potash. Hydro-chloric acid^lso unites 
with ammonia without losing its hydrogen, and»the compound 
or hydrochlorate of ammonia, which ,is ^isomorphous with the 
chloride of potassium, contains, therefore, an atoifi of hydro- 
gen, besides chlorine and ammonia. Now, on the theory of 
these salts, the ammonia witfi* •this hydrogen or that of the 
water in the oxygen-acid salts, constitutes a hypothetical radi- 
cal or basyle, ammonium^ (NHJ, to which allusion has already 
been made as being isomog)hous with, potassium. This view 
of the constitution of the s&lts of ammonia will be made 
obvious by a few examples. 


ON THE AMMONIUM TIIEOHY. 

Hydrochlorateofammonia,NH3,HCL Chloride of ammonium, NH*, Cl. 
Sulphate of ammonia, NHj HO, SO3. Sulphate of oxide of ammonium, 

NH, 0 , SO3. 

Nitrate of ammonia, NH, HO, NO3. Nitrate of oxide of ammonium, NH4 0, 

NO3. 
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The application of this theory to the compounds of am- 
monia with sulphure\;ted hydrogen and sulphur is particularly 
felicitous. These compouncls may be thus represented, and 
placed in comparison v^th. their potassium analogues, NH4 
being equivalent to K. ^ ^ * o 

Sulphuret of aramowum . . . NH4 S . KS 

Hydrosulphurbt of sulphuret of ammonium (bihy- 
drosulphuret of ammonia . ' , , NIJ4S, HS . KS, HS 

Tritosulphuret (]f ammonium . . , NH4 S3 . KS, 

Pentasulpliuret of ammonium . , . NH4 S3 . KSj 

•> 

Ammonium is supposed to present itself in a tangible 
form and in possession of metallic characters, in the for-, 
mation of what is called the ammoniacal amalgam. When mer- 
cury alloyed with one per cent of sodium is poured into a sa- 
turated cold solution of sal ammoniac (chloride of ammonium), 
it undergoes a prodigious increase of bulk, increasing sometimes 
from one volume to two hundred volumes, without becoming 
in the least degree vesicular, and acquires a butyraceous consis- 
tence, while its metallic lustre is not impaired. A small addi- 
tion is at the same time made to its weight, estimated at from 
1 part iii 2000 to^l in 10,000, and which certainly consists 
of ammonia and hydrogen in the^ proportions of ammonium. 
The sodium,^ it is supposed, combines with the chlorine 
of chloride of ammonium, and the liberated ammonium with 
mercury, so that the metallic product is an amalgam of 
ammonium. It speedily resolves itself again spontaneously 
into running mercury, ammonia and hydrogen. But the change 
which occurs to the mercury in this experiment is of a recon- 
dite nature, and admits of, at ledst, one other hypothetical ex- 
planation which is equally probable. After all, however, 
neither isolation nor the metallic character is essential to 
ammonium as an alkaline radical, other basyles being now 
admitted, such as ethyle and behzoyle, which have no claim 
to such characters.* « 

Other classes of ammoniacal salts may be formed in which 
the fourth atom of hydrogen in ammonium is replaced by a 
metal of the magnesian famUy, and by 6opper in particular 
which mos^ resembles hydrogen. Thus anhydrous chloride of 
copper absorbs an atom of ammonia with great avidity, which 

* Viewed in relation wiOi the ofi^amc basyles, it might be termtd ammonyltf 
«aOier than ammonium. 
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ca^iiot aftcrwitrds be sepanfeited f^m it by the agency of heat. 
Tbe compound is strictly analogous to chloride of ammonium, 
but contains an atom of copper in the place of hydrogen. Its 
formula is NH3 Cu, Cl/ and it .may be named the chloride of 
cuprammomum. This salt und many otheiis arc likewise 
capable of combining with more ammonie^ which is retained 
less strongly, and has the rela^on of constitutional water to the 
Salt. The constitution of these combinations will be more mi- 
ntStely considered in another part of the work. • 

Amdjogen, and amides. The existence of another compound 
of nitrogen and hydrogen, containing an atom less of hydro- 
gen than ammonia, (NH2), is recognized in an important series 
of saline compounds, although it has not been isolate^. These 
compounds are called amides, and hence tlie name amidogen 
applied to their radical. When potassium is heated in am- 
moniacal gas, the metal is converted into a fusible green 
matter, whicli appears to contairJ the amide of potassium, while 
an atomic proportion of hydrogen is disengaged. Amidogen 
exists also in the white precipitate of mercury of pharmacy, 
formed on adding ammonia to corrosive sublimate, the pro- 
duct being a double chloride and. amide of mercury (Ag 
Cl + HgNHa). 

Amides are produced in an interesting way, •l>y the abstrac- 
tion of the elements of water from compounds of apnnonia with 
oxygen acids. Thus, on decomposing oxalato of ammonia by 
heat, the acid losing a proportion cf oxygen, and the ammonia 
a proportion of hydrogen, owcmiide sublimes, whifth consists of 
Nli2 4 ’ 2 CO. When ammoniacal gas and anhydrous sulphuric 
acid vapour are mixed together^ a saline substance is produced 
which dissolves in water, but is not sulphate of ammonia, the 
solution affording no indications of sulphuric acid. It is be- 
lieved to be a hydrated mdpkljpifddei or to he constituted thus, 
SO^ + nO; a compound which it will he oljserved con- 
tains neither ammonia nor sulphuric acid. Similar products 
result from the.action of ammonia on dry carbonic acid, and 
ail the other anhydrous oxygen acids. The difference between 
these compounds and the true salts of ammdnia affords a 
strong argument in of the ammonium tixeoi'y of the 

latter. 

The Other speoiilative view of cogstitutipn of the amino- 
nical amalgam, to which allusion has been made, ^is suggested 
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by the remarkable and apparently peculiar aptitwlf? paewspry 
to Combine with anii<lo)a;en, and by the position which bydrhgen 
holds among elementary bodies, Which is that of a metai vfiJte 
magnesian class. It 48 , that the light ammoitiacal amalgam is 
an amalgam of l^^drogen, with the amide of mercury, ^»r perhaps 
. a double amide of, mercury and chloride of sodium, dilB^sed 
through it. The rca<‘tion by which i^esc bodies may be ,pro- 
<luced, is explained in the following diagram : 


Rofon* (Uromi^osition. 


, Amalgam of 
sodium. 


Mercury.* 

Mercury. 


i Mercury. 
' Sodium. 


f Hydrogen. 
Tfydrochlorate 1 Arnidogen 
of Auiinonia. ^ Hydrogen 
f Clilorino. 


ZZ 


After decomposition. ^ 

Amalgam of hydrogen 

Z^Amide of mercury 


X 


/ 


Amalgam of hydrogen 


>: 


Chloride of sodium. 


Theory of ihe Ethers. As the ideas of chemists respecting 
salt-radicals fir^t derived from certain simple bodies, such as 
clilorinc, ^,\vero afterwards extended through cyanogen, which 
so closely resembles Vhem, to compcfand salt-radicals of greater 
com])lcxity, so their ideas of basyles derived from the simple 
metals, liave been extended through ammonium, which exhi- 
bits an absolute parallelism to potassium, to other compound 
basyles, the oxides and salts of which exhibit a less obvious 
relation to their metallic prototypes. In the theory of ether, 
first sugge steel by Berzelius, which was powerfully advocated 
by Liebig, and is now generally apquiesced in by cbeijiists, that 
body is represented as the oxide of a basyle named efhyle, or as 
C4 lift, O; and is considered itself a -true base capable of 
neutralizing acids, notwithstanding its want of alkalinity to 
the taste,. or as tried b/ test-papery although it is sapid and 
soluble in water. Alcol\pl, from the decomposition of whicii 
ether is derived, is the. hydrate of the oxide of etliyle, C4 H5 O, 
110 ; nitrous ether is the nitrite of ether, G4 O, NO3 ; 
oxalic ether, tjie oxalate of ether, C4 O, Oj, ; and sulpho- 
vinic acid may be Called either the bisulphate of ether, or the 
sulplia^c of water and ether, HO, SO3 f C4 llg 0 , .SO3. Hy- 
drochloric "ether is Ifio chloride of etliyle,' C4 Cl. 'The 
5 >an|e views are extended to all the compounds of etlier with 
both oxygen#and hydrogen acids. 
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Another class ©f saline' compounds has been derived from 
wood-spirit, of which the bsayte ^is H3 O, equally 

numerous, and closely analogous in properties to the alcoholic 
series.* Many other chases 0^ organic compounds besides are 
found to oorrespond witfi that series^ and the order of saline 
compounds is likely to undergo a vast expinsion. It thus ap- 
pears that conclusions respecting salts are of a wifle and general 
application. Indeed the great question respecting the constitu- 
tion of an oxygen-acid salt, is the pivot upon which the whole 
body of chemical theory turns at this moment. 

SECTION II. . 

CHEMICAL AFFINITY. ^ 

. » 

In the preceding section, compound bodies have been viewed 
as already formed, and existing in a state of rest. The arrange- 
ment, weights and other proj)crtics of their atoms, have also 
been examined, with the relations and classification of the 
compounds themselves. But chemistry is more than a des- 
cri])tivc science;^ for it embn ces, in addition to viev^ of com- 
position, the consideration of the action of bodies upon each other 
which leads to the formation and destruction pf compounds. 
Certain bodies, when placed in contact, exliibit a ^roneness to 
combine with each other, or to undergo decomposition, while 
others may be mixed most intimately without change. The 
actual phenomena of combination suggefl^t the idea of peculiar 
attachments and aversions subsisting between different bodies, 
and it was in this figurative s*C)ise that the term affinity was 
first applied by Boerli|uive to a property of matter. A specific 
attraction between different kinds of matter must be admitted 
as the cause of combination^ and this, attraction may be con- 
veniently distinguished as chemical affinity. 

The particles of a body in the solid 5 r liquid state exliibit au 
attraction for each other, which is the force of cohesion, and 
even different kind^ of matter have often an attraction for each 
other, which is probably of the same nature, although distin- 
guished as adhemn. . This force rfetains bodies in contact, 
which are once placed in sufficient proximity to each other^ 
It is exhibited in the adhesion of xtwo smooth pieces of le^ 
pressed together, or perfectly flat pieces of plate-glass, wWfeh 
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sometimes cannot again be separated. Hie 'action of glue, waK, 
mortar and other cements in atjiaching bodies together, depends 
entirely upon tlie same force. In detaching glue from the sur- 
face of glass, the latttjr is sometimes injuted, and portions of it 
are torn off by the glue, the adhesive attraction the 
bodies l)eing greater «thari the cohesion of the glass. The pro- 
perty of water lo adhere to solicj surfaces and wet them, its 
imbibition by a sponge, the ascent of liquids in narrow tubes, 
and other phenomena of capillary attraction, and ttiO rapid 
di/Fusion of a drop of oil Over the surface of water are illustra- 
tions of the same attraction between a liquid and a solid, and 
between different liquids. But this kind of attraction is defi- 
cient in g. (*haracter which is never absent in true chemical 
affinity — It effects *ifio change In the properties of bodies* It 
may bind diflerent kinds of matter together, but it does not 
alter their nature. 

The tendency of different ga^es to diffuse through each other 
till a uniform mixture is formed, is another prbperty of matter, 
tlie effect of a force wdiolly independent of chemical affinity. It 
is certain that this physical property is not lost in liquids, and 
that it contributes to that equable thffnsion of a salt through a 
menstruum which occurs spontaneously, and without agitation 
to promote it,^ 

Solution. ^ The attraction between salt and water, which 
occasions the solution of the former, differs in several circum- 
stances from the affinity ^vhich leads to the production of dcr 
finite chemical compounds. In solution, combination takes place 
in indefinite proportions, a certain quantity of common salt dis- 
solving in, or combining wdth anyf quantity of water however large; 
while a certain quantity of water, such as ,100 parts can dissolve 
any quantity of ♦that salt less thkn 37 parts, the proportion 
which saturates it. Wnte^ has a cOnsttot solvent power for every 
other soluble »alt, but the maximum proportion of salt dissolved, 
or the saturating quantitj^ has no rjlatidh to the atomic weight 
of the salt, and indeed varies exceedingly with the temperature 
of the solvent. The limit to the solubility of a salt seems tb be 
immediately Occasioned by its cohesion* Water, in proportion 
as it takes up salt, has its power to disintegrate and dissolve 
more of the soluble body gradually diminished, it dissolves the 

^ Jenchnu in Poggentlorff’B Annalen, 34, 613; or Dove and MoBcr’s Reperto^ 
num der PhysJKi b 96. 1837. 
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last pogrtions slowly and^ with difficulty, and at lust when sa- 
turated is incapable overcoming the icohesion of more salt 
th^t may be added to it. The solubility in water of another 
body in the liquid stiite is not restrained by cohesion, and is 
in genera^ unlimited. Thus 'alcohol^ and also soluble salts 
a^ove the temperature at which they lique]^ in their water of 
crystallization, dissolve in water in any property )n. Generally 
speaking also tliose salts dissolve in largest quantity Avhich an* 
most fumble, or of which the cohesion is most^ easily overcome 
by heat, as the hydrated salts, and^ among anhydrous salts, 
the nitrates, chlorates, chlorides and iodides whic h are all kj- 
markable for their fusibility. In tliis species of combination, 
bodies are not materially altered in properties, indeed are little 
affected except in their cohesion. • 

The union also between a body am I its solvent cliffers in a 
marked manner from proper clicmieal combination in the re- 
lation of the bodies to cacjh other wdiich exhibit it. Bodies 
eombhie chemically with so much the more force as tlieir 
properties are more opposed, but they dmolir llie more 
readily in each other, tlic more similar their ])roperties. Thus 
metals (ximbine with non-metallic bodies, acids with allra- 
lies; but to dissolve a metal, another metal must be used, 
such as mercury ; oxidated bodies dissolve in oxidated solvents 
as the salts and acids in \vatcr ; while liquids which eontain 
much hydrogen are the best solvents of hydrogeifatcd bodies, 
an oil, for instance, 'of a fat or a resin, alcohol and ether dis- 
solving the essential oils and most *urganie ppnciples, but 
few salts of oxygen acids. The force which ])roducos so- 
lution diflFers, tliereJorc, essOnlially from , chemical affinity in 
being exerted between analogous particles, iii preference to 
particles which are very uylike, and resembjes more, in this 
respect, the attraction of cohesion. 

A more acciirate idea of 4;he varying solubility of a salt at 
different temperatures may be conveyed by a curve coiistriu ted to 
repriesent it, than by any other means. The perpendicular lines in 
th^ following diagram, indicate the degrees of temperature which 
are marked below* them, and the horizontal lincs^ quantities of 
salt dissolved by 100 parts of water. The proportion of any 
salt dissolved at a particular temperature may be learned by 
carrying the eye along the, perpendicular line, expressing that 
temperature, till it cuts the curve of- the salt, an<l then hori- 
uontaily to the column of parts dissolved. 
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Solubility op ^ salts im 100 parts op water* 



It will be observed that the perpendicular lines advance by 
9 degrees, the first lieing 32f, and the last 230^ The solubility 
of nitrate of potash increases from 13 parts in ICO water at 
to 80 parts at 1J8°, or very rapidly with the temperature. 
Sulphate of soda is seen by the form of its curve to increase in 
solubility from, 5 parts at 32^ to 52 parts at 92”, but then to 
diminish in solubility with farther elevation of temperature. 
In this salt, s\ilphate of magnesia and chloride of Iiarium the 
solubility is expressed in jiarts of the anhydrous, and not thg 
hydrated salt. The lines of diloride of barium and chloride of 
potassium are parallel, shewing a remarkable relation between 
the solubilities of these two salts,** which docs not appear in any 
others. The line of chloride of sodium is observed to cut all 
the lines of temjicrature at the same height, 100 parts of water 
dissolving 37 parts of that salt at all temperatures. 

Chemi&al aflSnity acts only at insensible distances, and has 
no eflFect in causing bodfes to approach each other, which are 
not in contact, differing in this respect from the attraction of 
gravitation which acts at all distances, however ‘groat, although 
with a diminishing force. Ileuce, the closest approximation of 
unlike particles is necessary to devclope theif affinities, and 
produce combination. Sulphur and copper in mass have no 
effect upon each other, but if both be in a state of great divi- 
sion, and rubbed together in a mortar, a powerful affinity is 
brought intb play, the bodies themscl^njls disappear, and sul- 
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pharetof copper is produced by their union, v\itli the evolution 
of much heat. The aflSinity of bodies is, therefore, promoted 
by everything which tends to their dose approximation; iu 
solids, by their pulverization and intermijiture, this attraction 
^sidim^ ij the ultimate partiples of bpdies ; in gases, by their 
spontaneous difiusion through each other, which occasions a, 
more complete intermixture than is attainable* by mechanical 
means 5 and between liquids, or between a liquid and solid by 
the adli^tsiYe attraction which liquids possess, jvhich must lead 
to perfect contact, and also by a disposition of liquid bodies to 
intermix, of tbe same jiliysical character as gaseous ditfusibn. 
Elevation of temperature has certainly often a specific action < 
in increasing the affinity of two bodies* l)ut it al«o often a(‘ts 
by producing a perfect contact between tb^mj, from* the fusion 
or vapori/ation of one or both bodies. Hence, no practice is 
more genera^ to promote tlie combination of l)odicb than to 
heat them together. 

If the affinity between two gases is sufficiently great to begin 
combination, the process is never interrupted, but is continued 
from the diffusion of the gases Ibrougli each other till complete, 
or at least till one of tlic gases is entirely consulted. Thus 
when hydrochloric acid and ammoniacul gases, in equal nu'a- 
sures, are introduced into a jar containing at tlic same time a 
large quantity of air, the formation of hydroclilorate ol am- 
monia proceeds, the gases appearing to searcl^uuf each otlier, 
,till no portion of uncombined gas remains, llie combination 
of two liquids, or of a liquid and a solid, is also facilitated in 
tbe same manner by the molhlity of the fluid, and j)roc(*cds 
without interruption, unless^ perhaps, the product of the eom- 
bimition be solid, and by its formation interpose an obstacle* 
to the contact of tlic* combining bodies. Biif the affinities of 
two solids which are not volatile are rarely developed at all, 
owing to the imperfection ’o^ contact. * Even tbe action of very 
powerful affinities between a solid find a liquid or a gas, is 
ofbe^ arrested in tJie outset from the physical condition of the 
former. Thus, the affinity between oxygen and lead is cer- 
tainly Considerable, for the metal is rapidly cou'vferted into a 
white oxide, when ground to powder aiul agitated with water 
in its usual aerated condition; and in the state of extreme divisioti 
in which lead is obtained by calcining its tartrate in a glass 
tube, the metal is a pyrophorus, and combines with o.Nygeii 
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when cold with so much avidity as to take fire and bi|Li|n the 
moment it is exposed to the air. Iron also, in the sp<mgy; ^ 
divided state in which it is procured by reducing the peroxide^ 
by means of hydrogen gas, at a low red .heat, absorbs oxygen 
with equal avidity at the temperature of the air, and^ takes fii^ 
and burns. But notwithstanding an affinity for oxygen dp 
such intensity,! these metals in mass oxidate very slowly in 
air, particularly lead, which i4 quickly tarnished indeed, 
but tlie thin coaling of oxide formed does not peneti||e to a. 
sensible depth in the course of several years. The suspension 
of^the oxidation may be partly due to the comparatively small 
surface w*luch a compact body exposes to air, and which be- 
comes covered by a coat of oxide and protected from farther 
change ; blit partly also to the effect of the conducting power 
of a considerable mass of metal in preventing the elevation of 
temperature consequent upon the oxidation surface. 

For metals oxidate with increajpied facility at a higli temperar 
ture, such as the lead pyrophorus quickly attains from the oxi- 
dation of the great surface which it exposes, compared with its 
w^eight. The heat from the oxidation of the superficial parti- 
cles of tlie compact^ metal, however, is not accumulated, but 
carried off and dissipated by the conducting power of the con- 
tiguous particles, so that elevation of 'temperature is effectually 
repressed. It thus appears that tlie state of aggregation of a 
solid may op^pose an insuperable bar to the ac^on of a very 
I^owcrful affinity. 

The affinity of two bodies, one or both of which are in the 
state of gas, is often promoted in an extraordinary manner by 
the contact of certain solid bodies/* Thus oxygen and hydrogen 
gases may be mixed and retained for any length of time in that 
state without exhibiting any affinity for* each other, and the 
gps^us mixture may, indeed, be heated in a glass vessel to 
any temperature short of redness without showing any disposi-^ 
tion to combine. But if & clean plate of platinum be introduced 
into the cold mixture, the gases in contact with the metallic sur- 
face instanl^ ; ^ and form water ; other portibns of tb^ mix- 
ture qoma^: ^en in contact with the platinum and combine succes- 
si^iyainder its influence, so that a large quantity of the gaseous 
nature may be quickly united. ITie *tempera\;ure of the 
platinum also rises from the heat evolved by the combmatUm 
occurring fit its surface, and the influence of the metal in- 
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creasing with its " tehiperatu^e, combination proceeds at an 
acceleTSted rate, till the platinum becoming red hot, may cause 
the combination to extend to a distance from it, by kindling 
the gaseous mixture. . Platinum acts in. this ^manner with 
^atcst energy when in a highly divided stSte, as in the form 
6? spongy platinum, owing to the greater surface exposed and 
the rapidity with which it is heated. The metal itself contri- 
butes rio element to the water formed, and is in no respect 
altered. is an action of the metallic surface,* which must be 
j>erfectiy clean, and is retarded or altogether prevented by the 
presence of oily vapours and many other combustible gase^, 
which soil the metallic surface. Mr. Faraday is disposed to 
refer tlie action to an adhesive attraction of the gases for the 
metal, under the influence of which they ^re condensed and 
their particles approximated within the sphere of their mutual 
attractioiiy^isc^s to combine. This opinion is favoured by the 
circumstance that the property* is not peculiar to platinum, 
but appears also in other metals, in charcoal, pounded glass, 
and all ^ other solid bodies ; although all of them, except the 
metals, act only when their temperature is above the boiling 
point of mercury. But on the other hapd, at low»ternpera- 
tures, the property appears to be confined to a few metals only 
which resemble platinum in their chemical characters, namely 
in having little or no disposition to combine with oxygen gas, 
and in not undergoing oxidation in the air.. Tfie action of 
platinum may, therefore, be connected with its chemical pro- 
perties, although in a way which is quite unkuow^n to us. The 
same metel disposes carbonic oxide gas to combine with oxygen, 
but much more slowly than** hydrogen ; and it is remarkable 
that if the most minute quantity of carbonic oxide be mixed 
with hydrogen, the oxidation of the latter under the influence 
of the platinum is arrested, and not resumed till after the car- 
bonic oxide has been slowly oxidated and consumed, which 
thuif takes the precedence of the hydfogen in combining with 
oxygen. This extraordinary interference of a minute quantity 
of carbonic oxifle gasy which cannot from its nature be supposed 
to soil the surface of the platinum like a liquefii3rfe vapour, 
seems te point to a^ perhaps to an electrical explana- 

tion of the &tion of the platinum, rather than to the adhesive 
attraction of the metaL The oxidation of alcohol at the tem- 
perature of tlie air, and also at a low red heat, is promoted in 
the same manner by contact with platinum. 
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Otder of affinity* The affinity between bddies appeats to be 
of different degrees of intensity. Lead, for instance, has Cer- 
tainly a greater affinity than silver for oxygen, the oxide Of the 
latter being easily decomposed when heated to redness, while 
the oxide of the former, may b*e. exposed to the ii^pst intense 
heat "witliout losing^a particle of oxygen. Again, it may be in- 
ferred that potassium lias a still greater affinity for oxygen than 
lead possesses, as we find the oxide of lead easily reduced to the 
metallic state when heated in contact with charcoal, while po- 
tash is decomposed in the same manner with great difficulty. 
But the order of affinity is often more strikingly exhibited in 
the decomposition of a compound by another body. Thus 
sulphuretted hydrogen gas is decomposed by iodine, which 
combines* with the. hydrogen forming hydriodic acid, and libe- 
rates sulphur. ITie affinity of iodine for hydrogen is, therefore, 
greater than that of sulphur for the same body. But hydriodic 
acid is deprived of its hydrogen by bromine, and hydrobromic 
acid is formed; and this last is decomposed in its turn by 
chlorine, and hydrochloric acid produced. It thus appears 
that the order of the affinity of the elements mentioned for 
hydroyen^isj chlorinf , iodine, bromine, sulphur. . The order of 
decompositions, in the precipitation of metals by each other 
from their saline solutions, also indicates the degree of affi- 
nity. Thus from the decomposition of the nitrates of the 
following naetajs, the order of their affinity for nitric arid 
and oxygen may be inferred to be as follows : ssinc, lead, 
copper, mercury, silver; zinc throwing down lead from the 
nitrate of lead, and all the other metals which follow it, lead 
throwing down copper ; copper, 'iSaercury ; and meremy, silver; 
while nitrate of zinc itself is not affected by any other metal, and 
nitrate of silver is decomposed by all the metals enumerated. 
Bodies were first thus an*anged according to the degree of their 
affinity for a particular substance,* inferred from the order of 
their decompositions, by* Geoffroy and Bergman, arid tables of 
affinity constructed of which the following is an example. Order 
of affinity of the alkalies and earths for sulphuric add. 

Barytes 
** Strontiaa 
Potash 
Soda 
Lime 
Maguciiitt 
\niinoiiia 
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Barytes is^ capable of taking sulphuric acid from strontlan, 
potash and every other base which follows it in the table, the 
ex:periment being made upon sulphates of these bases dissolved 
in water; while sulphate of barytes* is not. decomposed by any 
pther base.^Lime separates amipbnia an4 magnesia from sulphuric 
acid, but has no elFect upon the sulphates of^soda, potash, stron- 
tian and barytes ; and in the same manner any other base de- 
composes the sulphates of the* bases below it in the column, 
but has no effect upon those above it. Ta1)^s of this kind 
when accurately constructed may cojjivey much valuable in- 
formation of a practical kind, but it is never to be forgotttJh 
that they are strictly tables of the order of decomposition and 
of the comparative force or order of •affinity in one set of 
conditions only. This will appear by examining how far decom- 
position is affected by accessory circumstances in a few cases. 

Circumstances which affect the order of decomposition. Vola- 
tility in a body promotes its se^iaration from others which arc 
more fixed, and consequently facilitates^ the decomposition of 
compounds into which the volatile body enters, lienee, by 
the agency of heat, water is separated from hydrated salts ; 
ammonia, from its combinations with affixed acid,» such as 
the phosphoric ; and a volatile acid frem many of its salts, 
as sulphuric acid from the sulphate of iron, carbonic acid from 
the carbonate of lime, &c. Ammonia decomposes hydrochlo- 
rate of morphia at a low temperature, but on, tluf other hand, 
morphia decomposes the hydrochlorate of ammonia at the boil- 
ing point of water, and liberates ammonia, owing to the vola- 
tility of that body. *The fixed acids, such as the silicic and 
phosphoric disengage in the'-some way at a high temperature 
those acids which are generally reputed most powerful, 
and by which silicates and •phosphates are decomposed with 
facility at a low temperature. ' Many such cases might be 
adduced in which the order of decomposition iif reversed 
by a change of temperature. The* volatility of one of its 
CQii»tituent5i*must, therefore^ he considered an element of in- 
stability in a ccTmpound. 

Decomposition from unequal volatility is, of course, checked 
by pressure, and promoted hy its removal and by every thing 
which favours the escape of vapour, sqch as the presence of an 
atmosphere of a different sort into which the volatile constituent 
may evaporate. Carbonate of Ume is decomposed easily at a 
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red hcat^ provided a current of air or of steam is passing over 
it which may carry off the carbonic acid gas^ but the decom- 
position ceases when the carbonate, is surrounded by 
atmosphere of its own gas^ and the carbonate may even be 
heated to’fusion, in the lower *ppt of a crucible, without de- 
composition. Here the occurrence of decomposition depends 
entirely upon the existence of a foreign atmosphere into which 
carbonic acid can diffuse. Nitrdtes of alumina and peroxide of 
iron in solution^ are decomposed by the sj^ontaneous evapora- 
tion of their acid, even at the temperature of the air ; and so is 
aSi alkaline bicarbonate when in solution, but not when dry. 
A cliange in the* composition of the gaseous atmosphere may 
affect the order of deco^nposition as in the following cases : 

When ^team is passed over iron at a red heat a portion 
of it is decomposed, oxide of iron being formed and hy- 
drogen gas evolved. From this experiment it might be in- 
ferred that tlic affinity of iron, for oxygen is greater than that 
of hydrogen. But let a stream of hydrogen gas be conducted 
over oxide of iron at the very same temperature, and water 
is formed, while the oxide of Iron is reduced to the me- 
tallic state. Here ^ths hydrogen appears to have the greater 
affinity for oxygen. But the result is obviously connected 
with the relative proportion between the hydrogen and steam 
which are at once in contact with the metal and its oxide at a 
red heat. When steam is in excess, water is decomposed, but 
when hydrogen is in excess, oxide of iron is decomposed ; and 
why, because the excess of steam in the first case is an atmos- 
phere into which hydrogen can diffuse, and the disengagement 
of that gas iS therefore favpurcilv but in the second case the 
atmosphere is principally hydrogen, and represses the evolution 
pf more hydrogen, but facilitates ,that of steam. The affinity 
of iron <and hydrogen for oxygen at the temperature of the ex- 
periment*, is so nearly balanced th&t the one affinity prevails 
over the other, accorffing as there is a proper atmosphere into 
which the gaseous product of its action may diffuse. This 
affords an intelligible instance of the influence ^ mass or quan- 
tity of mat^ial, in promoting a chemical change j the steam or 
hydrogen, as it preponderates, exerting a specific influence, 
in the capacity of a ga&fous atmosphere. « 

The remarkable decomposi^on of alcohol by sulphuric acid, 
which aflbrds ether, is another similar illustration of decom- 
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position depending upon volatility, and affected by changes in 
the nature of the atmosphere into which evaporation takes 
place. Alcohol or the hydrate’ of ether is added in a gradual 
manner to sulphuric abid son^pwhat diluted, and heated to 
280<^. In #hese circumstances, the double sulphate of ether 
and water is formed ; water, which waa previously com- 
bined as base to the acid, being displaced by ether, and 
evolved together with the water of the alcohol. The first 
effect of the reaction therefore, is the disengagement of 
watery vapour, and the creation of-ian atmosphere of that 
substance which tends to check its farther, evolution. But 
’the existence of such an atmosphere offers a facility for 
the evaporation of ether, which accordingly escapes from 
combination with the acid and continues to be replaced by 
water, the affinity of sulphuric acid for w’^ater and for ether 
being nearly equal, till ether forms such a proportion of the 
gaseous atmosphere as to check Its own evolution, and to fa- 
vour the evolution of watery vapour. Then again alcohol is 
decomposed, and more of the double sulphate of water and 
ether formed as at firsts the sulphate of ether of which comes 
in its turn to be decomposed as before, •and ether* evolved. 
Hence, ‘both ether and water distil over in this pi'oeess, the 
evolution of one of these bodies favouring the separation and 
disengagement of the other. In this description, tjie evolution 
of water and ether are for the sake of perspicuity supposed to 
alternate, but it is evident that the^ r<jsult of such an action 
will be the simultaneous evolution of the two Vapours m a 
certain constant relatioVi to each other. 

Influence of husotuhUity. Ine great proportion of chemical 
reactions which we witness are exhibited by bodies dissolved in 
water or some other mcnstrtium, and are affected to a great 
extent by the relations of themselves and their product^o their 
solvent. Thus carbonate of jSotash dissolved in water is decom- 
posed by acetic acid, and carbonic aci& evolved, the affinity of 
the acetic acicj prevailing over that of the carbonic acid for 
potash. But if a ^stream of carbonic acid gas be sent through 
acetate of potash dissolved in alcohol, acetic acid is displaced, 
or the carbonic acid prevails, apparently from the insolubility 
of the carbonate of potash in alcohol. The insolubility of a 
bod|^ appears to depend upon the cohesive attraction of its 
particles, and such decompbsitions may therefore be ascribed to 
the prevalence of that force^ * 
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It is remarkable that compounds are in general more easily 
formed by sul)stitutioA, than ,by the direct union of their con- 
stituents ; indeed many compounds can be formed only in that 
mtoncr. Carbonic* acid is not^ absorbed by anhydrous lime, 
but readily by the hydrate of lime, the water of wkich is dis- 
placed in the formation of the carbonate. In the same manner, 
etlicr, althou^i a strong base does not combine directly with 
acids, but the salts of ether are derived from its hydrate or 
alcohol, by the* substitution of an acid for the water of tlie 
aJeohoL In all the casea^ likewise in which hydrogen is evolved 
during the solutiop of a metal in a hydrated acid, a simple sub- 
stitution of the metal for hydrogen occurs. 

Combination takes place with the greatest facility of all 
when double decomposition can occur. Thus carbonate of lime 
is instantly formed and precipitated, when carbonate of soda is 
added to nitrate of lime, nitrate of soda being formed af the same 
time and remaining in solution^ 


Before decomposition. 

Carbonate of f Soda. 

soda. * I Carbonic acid 

Nitrate of / Nitric acid, 

lime I Lime. 


After decomposition. 

Nitrate of soda 



Carbonate of lime. 


Here a double* substitution occurs, lime being substituted for 
soda in the parbonate, and soda for lime in the nitrate. Such 
reactions may therefore be truly described as double substitu- 
tions as weU as double, decompositions. They ai^e most com- 
monly observed on mixing two binary compounds or two salts. 
But reactioni^ of the same nature may occur'between compounds 
of a higher order, such as double* salts, and new compounds be 
thus produced, which cannot be formed \>y the direct union of 
their constituents. Thus the two** salts, sulphate of zinc and 
sulpham of soda, when rimply dissolved together, always cry- 
stallize apart, and do not combine!! But the double suljihate of 
zinc and soda is formed on mixing strong solutions of sulphate 
of zinc and bisulphate of soda, and separates by crystallization ^ 
the sulphate of water with constitutional water (hydrated acid of 
sp. gr. I.7B) being produced at the same time and remaining in 

.solution. The reaction wbich occurs may be thus expressed : 

« 

Before decomposition. After decomposition. 

HO, SOs + (NaO, SOs) 1 _ / HO, SO3 + HO 
ZnO, Sp3 + (HO) j “ L ZnO, SO3 +NaO, SO3 
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in which the constituents of both salts before decomposition 
inclosed in brackets, are found to have exchanged places after 
decomposition, without any other change in the original salts * 
The double suljdiate of lime and soda can be formed artificially 
only in cir(|^mstances, which {|re somey^hat similar. It is pro- 
duced on adding sul2)hate of soda to acetate Cj^lime, the suli)hate 
of lime, as it then precipitates, carrying down suiphate of soda 
in the place of constitutional water (Liebig). 

DitFerent hydrates of the same body such as iperoxide of tin, 
differ sensibly in jwopertics, and affgprd different compounds 
with acids, unquestionably because these compounds are formeS 
by substitution. The constant formation of phosphates con- 
taining one, two or three atoms of base, on neutralizing the cor- 
responding hydrates of phosphoric acid with, a fixed base, like- 
V isc illustrates in a striking manner the derivation of compounds, 
on this principle. Many insoluble substances, such as the earth 
silica, ]K)Ssess a larger j^roportion^of water, when newly precipi- 
tated, than they retain afterwards, and in that high state of 
h\dration they may exhibit affinities for certain bodies which 
do not appear in other circumstances. Hydrated silica dissolves 
in water at the moment of its separation fgom a caustic alkali ; 
and alumina dissolves readily in ammonia, when produced in 
contact with that substance by the oxidatibn ,of aluminum. 
Tiic unusual disposition to enter into combination which silica 
and alumina then exhibit is generally ascribed to their being in 
tlic nascent sjate, a body at the mopicnt of its formation and 
liberation, in consequence of a decomposition, being, it is sup- 
posed in a favourable condition to enter anew into combination. 
But their degree of hydration ili the nascent state may be the 
real cause of their superior aptitude to combine. 

Double decompositions take place without the great evolution 
of heat, whicli often accompanies the djrect combinatioft of two 
bodies, and with an apj^aren^ facility or absence of effort, as if 
the combinations were just balanced 'by the decompositions, 
which occur at the same time. It is perhaps from this cause 
that the result of double decomposition is so much affected by 
circumstances, particularly by the insolubility of one of the 
compounds. For it is a general law to which there is no excep- 
tion, that two solubles salts cannot be mixed without the occur- 


On water aa a constituent of sulx>hatc8, Phil, Mag. Sd series, vol. VI. p. 417. 
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rence of decomposition, if one of the products that may be 
formed is as insoluble salt, pn mixing carbonate of soda and 
nitrate of lime, the decomposition seems to be determined 
entirely by the insrolubility of the catfbonate of lime, which 
precipitates. When sulphate of* soda and nitrate of potasli are 
mixed, no visible (.•J;iange occurs, and it is doubtful whether the 
salts act upon*each other, but if the mixed solution be concen- 
trated, decomposition occurs and sulphate of potash separates 
by crystallization owing to its inferior solubility. 

It may sometimes be proved that double decomposition occurs 
on mixing solublq, salts, although no precipitation supervenes. 
Thus on mixing strong solutions of sulphate of copper and 
chloride of sodium, the colour of the solution changes from 
blue to green which indicates the formation of chloride of 
copper, and consequently that of sulphate of soda also. Now 
it is known that hydrochloric acid will displace sulphuric acud 
from the sulphate of copper, ‘at the temperature of the experi- 
ment, while sulphuric acid will on the other hand displace 
hydrochloric from chloride of sodium. It hence appears that 
in the preceding double decomposition, those acids and bases 
unite wMch have the strongest affinity for each otlicr, and the 
same thing may hai)pen on mixing other salts. But where the 
order of the aftinities for each otlicr of the acids and bases is 
unknown, the occurrence of any change upon mixing salts, or 
the extent to whicli the change proceeds, is entirely matter of 
conjecture. ^ ^ ^ 

It was the opinion of Berthollet, founded principally upon the 
phenomena of the double decompositions of salts, that decom- 
positions are at all times dependent upon accidental circum- 
stances, such as the volatility or insolubility of the product, and 
never result from the prevalence of certain affinities over others; 
and consequently that accounting for such changes, the con- 
sideration of affinity may be neglelfcted. He supposed that when 
a portion of base is presented at once to two acids, it is divided 
equally between them, or in the proportion of the quantities of 
the two acids, and that one acid can come to possess the base 
exclusively, only when it forms a volatile or an insoluble com- 
pound with that body, and thereby withdraws it from the solution 
and from the influence of the other acid.* His doctrine will be 
rfciost easily explained by applying it to a particular case, and 
expressing it in the language of the atomic theory. The reaction 
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between sulphuric acid and nitrate of potash is sup- 
posed to be as follows. On mixing 'eight atoms of the 
acid with the same number of atoms of the salt, tlie latter 
immediately undergoes 'partial .decomposition, its base being 
equally slured between the two acids which are present in 
equal quantities ; and a state of statical equilibrium is attained 
in which the bodies in contact a.re : 

(a) Four atoms sulphate of potash. 

Four atoms nitrate of potash. 

Four atoms sulphuric acidt 
Four atoms nitric acid. 

•The nitrate of potash, it is supposed, is decomposed to the 
extent stated, and no farther, however long the contact is pro- 
tracted. But let the whole of the free nitrie acid now be re- 
moved by the application of heat to the mixture, and a second 
partition of the potash of the remaining nitrate of potash is the 
consequence ; the free sulphuric &cid decomposing the salt till 
the proportion of the two acids uncornbined in the mixture is 
again equal, when a state of equilibrium is attained. The mix- 
ture then consists of : 

(h) Six atoms sulphate of potash. • 

Two atoms nitrate of potash. 

Two atoms sulphuric acid. 

Two atoms nitric acid. 

On removing the free nitric acid as before, a* third partition 
of the potash of the remaining nitrate pf potash, between the 
two acids, on the same principle takes place, of vrhich the 
result is : 

(c) Seven atoms sulphtite of potash. 

One atorq nitrate of potash, 

One atom of sulphuric acid. 

One atom nitr\c acid. * 

The proportion of the two acitls, free, being always tlie same. 
The repeated application of heat, by removing the free nitric 
acid, will cause^ the sulphuric to be again in excess, which 
will necessitate a new partition of the potash of the remaining 
nitrate of potash, till at last the entire separation of the nitric 
acid will be effected, and the fixed pVoduct of the decomposi- 
tion be: • 

(rf) Eight atoms sulphate of potash. 
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Here the affinity of the sulphuric and nitric acids, for potash 
is supposed to be equal ; and the complete decomposition of 
the nitrate of potash by the former acid which takes place, is 
ascribed to the vohitility of the latter acid, which, by occa- 
sioning its removal in proportion as it is liberated, Causes the 
fixed sulphuric acid«to be ever in excess. 

Complete cfecompositions in .which the precipitation of an 
insoluble substance occurs, were explained by Berthollet in 
the same manneir. On adding a portion of barytes to sulphate 
of soda, the barytes d^^oinposes the salt, and acquires sul- 
phuric acid, till that acid is divided between the two bases in 
the proportion in which they are present, and, at this point, 
decomposition would cease, were it not that the whole sulphate 
of barytes formed, is removed by precipitation. But a new 
formation of that salt is the necessary consequence of that 
equable partition of the acid between the two bases in contact 
with it, which is the condition of equilibrium ; and the iiefw 
product precipitating, more and more of it is formed, till the 
sulphate of soda is entirely decomposed, and its sulphuric acid 
removed by an equivalent of barytes. 

Accorefing to th(5b>e views of Berthollet, no decomposition 
should be complete, unless the product be volatile or insoluble, 
as in the cases* instanced. But such a conclusion is not con- 
sistent with ^observation, as it can be shewn that a body may 
be separated completely from a compound, and supplanted by 
another body, althouglv none of the products is removed by 
the operation of either of the causes specified, but all continue 
in solution and in contact with each other. Thus the salt borax, 
which is a borate of soda, is entirely decomposed by the addi- 
tion to its solution of a quantity of sulphujric acid, not more than 
equivalent to its soda, although* the liberated boracic acid 
remains in solution ; fir the liquid imparts to blue litmus 
paper a purple or wine-red tint, *which indicates free boracic 
acid, and not that characteristic red tint, resembling the red of 
the skin of the onion, which would inevitably be produced 
by the most minute quantity of the stronger acid, if free. But 
if the borax were only decomposed in part in these circum- 
stances, and its soda equally divided between the two acids, 
then free sulphuric, as well as boracic acid, should be found 
in the solution. The complete decomppsitioii of the salt can 
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be accounted for in no way but by ascribing it to the higher 
affinity of sulphuric acid for soria* than that of lioracic acid for 
the same base. 

According to the same vi^s, on mixing togetlier two 

.. .• .• ^ 

neutral salts containing different acids and bases, and which 
do not precipitate each other, each acid sfiould# combine with 
both bases, so as to occasioli the formation of four salts. 
Again, four salts, of which the acids ant^ bases are all 
dissimilar, should react upon each other in such a way as to 
produce sixteen salts, each acid acquiring a portion of the foAr 
bases ; and certain acids and bases, dissolved logethcr in certain 
proportions, could have but one arrangement in wliich they 
would remain in eqiiilibrio. Hence the salts in a mintiral y/ater 
would be ascertained by determining the acids and bases pre- 
sent, and supposing all the bases proportionally divided among 
the acids. But this coiiclusioi| is inconsistent with a fact 
observed in the preparation of factitious mineral waters, name- 
ly, that their taste depends not only on the nature of the salts, 
but also upon the order in which they are added, (Dr. Struve 
of Dresden.) Before we can determine how the fields and 
bases are arranged in a mineral water, or wliat salts it contains, 
it may therefore be necessary to know the history of its forn'-i- 
tion. Instead of supposing the bases equally disfributed amoi g 
the acids in mixed saline solutions, it is now mofe generally 
assumed that the strongest base maybe exclusively in possession 
of the strongest acid, and the weaker* b?ises be united with the 
weaker acids, a mode of viewing their composition which agrees 
best with the medical qualitkis of mineral waters. It thus 
appears that the doctrine” of Bertliollet, by which the result- 
ing actions between b<’fl[lies in^coiitact are made to depend upon 
their relative quantities or masses and the physical properties of 
the products of their combinajion, to tHfe entire exclusion of the 
agency of proper affinities between i;he bodies in contact, 
cannot be admitted as a true representation of the actual 
phenomena of combination. 

CATALYSIS, OR DECOMPOSITION BY CONTACT. 

• * • 

An interesting class of decompositions has of late attracted 

considerable attention, wliich, as they cannot be accounted for 

on the ordinary lavs of chemical affinity, have been referred 

by Berzelius to a new power, or rather new form yf the force 

o 2 
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of chemical affinity, which he has distinguished as the Cato-- 
hjtic force ^ and the effect of it's action as Catalysis (from Kara 
downwards, and Xvw, I unloosen)* A body in which this power 
resides, resolves others into nerw compounds, merely by con- 
tact with them, or by an action of presence, as ft has been 
termed, witliQ'Ut gaining or losing anything itself. Thus an 
acid converts a solution of starch (at a certain temperature), 
first into gum,^ and then into sugar of grapes, although no 
combination takes place between the elements of the acid, and 
those of the starch, the acid being found free and undiminished 
in quantity, after** effecting the change. The same mutations 
are produced in a more remarkable manner by the presence 
of a , miirate quantity of a vegetable principle diastase^ allied 
in its general properties to gluten, which appears in the ger- 
mination of barley and other seeds, and converts their starch 
into sugar and gum, which being soluble, form the sap that 
rises into the germ, and nourishes the plant. This example 
of the action of a catalytic power in an organic secretion is 
probably not the only one in the animal and vegetable king- 
doms, fiv it is not unlikely that it is by the action of such a 
force that very difierent substances are obtained from the 
same crude material by different organs. In animals this 
crude material,' which is the blood, flows in the uninterrupted 
vessels, and gives rise to all the different secretions ; such as 
milk, bile, urine, &c. without the presence of any foreign 
body which , could forrli hew combinations. A beautiful in- 
stance of an action of catalysis has been traced by Liebig and 
Wohler ii> the chemical changes which the bitter almond 
exhil^its. The application of heat and water to the almond, 
by giving solubility to its emulsin or •albuminous principle, 
enables it - to act upon an associated principle, amygdalin, of 
a neutral character, which then furnishes bodies so unlike 
itself as the volatile oil c/ almonds, and the hydrocyanic, oxalic 
and formic acids. The action of yeast in fermentation is a 
more familiar illustration of a similar power.,. The presence 
of that substance, although insoluble, is sufficient to cause the 
resolution of sugar into carbonic acid gas and alcohol, a de- 
composition which can be effected by no other known means. 
Changes of this kind, although most frequent in organic com- 
pounds, are not confined to them. The peroxide of hydrogen, 
discovered hy Thenard, is a body of which the elements are 
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held together by a very slight affinity. It is not decomposed 
by acids, but alkalies give its ekments a tendency to separate, 
slow eflervescence occurring with the disengagement of oxygen, 
and water being formed. Nor, do soluble i^ubstances alone pro- 
duce this teifcct ; other organic and* inorganic bodies, also, 
sue!) as manganese, silver, platinum, gok^, fibrin, &c. which 
are perfectly insoluble, exert a similar power. Tlie decompo- 
sition, in these instances, takes place by the mere presence 
of the foreign body, and witliout the smallesTt quantity of it 
entering into the new compound, for the most minute researcl)4?s 
have failed in discovering the slightest alteralion in the foreign 
body itself. The liquid persulphuret of hydrogen, and a solu- 
tion of the nitrosulphate of ammonia of Pelouze £U’e decom- 
posed in the same way, and by contact* of nearly all the 
substances which act upon peroxide of hydrogen. One 
remarkable difference indeed is observable, namely that alkalies 
impart stability to nitrosulphate of ammonia, while acids de- 
compose it, or the reverse of what happens with both the pe- 
roxide and persulphuret of hydrogen.* 

The phenomena referred to catalysis are of a recondite nature 
and much in need of elucidation. The iitfluencc of platinum, 
formerly noticed, in disposing hydrogen and^ oxygen to unite, 
is probably connected with the catalytic power of tlie same 
metal, but is at present equally inexplicable. It would be 
unphilosophical to rest satisfied by referring shell phenomena 
to a force, of the existence of which we Jiave no evidence. The 
doctrine of catalysis must be viewed in no other light than 
as a convenient fiction, by ^ which we are enabled to class 
together a number of decompositions not provided for in the 
theory of chemical afiyiity as at present understood, but which, 
it is to be expected, will rebeive their explanation /roin new 
investigations. It is a provisional hypothesis, like the doctrine 
of isomerism, for which the occasion will cease as the science 
advances. 

INDUCTIVE AFFINITY. 

When a plat*e of zinc is plunged into hydrochloric acid, a 
chemical change of a simple^nature ensues, tlie metal dissolves 
combining with the chlorine of the* acid and displacing its 
hydrogen, the gas-bubbles of which form upon the zinc plate, 
increase in size, detach themselves, and rise through the liquor 
to its surface. The solution of zinc, when effected by its 
Phil. Mag. Srd^Series, vol. 10, p. 480. 
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substitution for hydrogen, as in this experiment, is attended 
by a train of extraordinary phenomena, which become apparent 
when a second metal, such as copper, silver, or platinum is 
placed in the same dcid fluid, and allowed to touch the zinc, 
the second metal being ohe upon Vhich the fluid excS'ts no sol- 
vent action, or a le.A‘ action than upon zinc. 

The zinc jflate being connected by a me- 
tallic wire with a copper plate, as repre- 
sented in the figure, and both dipped to- 
gethei^ in the hydrochloric acid, the zinc 
oppt** only is acted upon, and dissolves as rapidly 
as before ; but much of the hydrogen gas 
now appears upon, and is discharged from 
*^the surface of the copper plate, and not from 
the zinc. The hydrogen, being produced by 
the solution of the zinc, thus appears to 
travel through the liquid from that metal to 
the copper. But no current or movement in the liquid is 
perceptible, nor any phenomenon whatever to indicate the 
actual passage of matter through the liquid in that direction. 
The transference of the hydrogen must take place by the pro- 
pagation of a decomposition through a chain of particles of 
hydrochloric acid extending from the zinc to the copper, and 
may be conceived by tlie diagram on the margin, in which 

each pair of associated circles 
marked cl and h represents a 
particle of hydrochloric acid. 
\ The chlorine cl of particle 1 in 
I L contact with the zinc combining 
3 with that metal, its hydrogen 

^ "combines, the moment it is 
set free, with the chlorine of 
particle 2, as indicated by the 
bracket below, and liberates the hydrogen of 
that particle, which hydrogen forthwith combines with the 
chlorine of particle 3, and so on through a series of particles 
of any extent till the decomposition reaches the copper plate, 
when the last liberated atom of hydrogen (that of particle 3 in 
the diagram) not having hydrochloric acid'to act upon, is evolved 
and rises as gas in contact with the copper plate. 

It is to be observed that this succession of decompositions 
and recombinations leading to the <;lischar^e of the hydrogen at 


Fig. 2. 
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the copper, does not occur at all unless that plate be in me- 
tallic connexion with the zinc, ^by means of a wire as in the 
figure, or by the plates themselves touching without or within 
the acid fluid. This would seem to indidate that while the 
dccompositJbn travels from thd zinc to the copper through the 
acid, some force or influence is propagated* at the same time 
through the wire, from the copper back again to the zinc. 
That something does pass through the wire in these circum- 
stances is proved by its being heatedj and by its* temporary as- 
sumption of certain electrical and magnifetic properties. Whether 
anything material does pass, or it is merely a vibration or 
Vibratory impulse, or a certain induced condition that is pro- 
pagated through the molecules of the wire, of which jthe elec- 
trical appearances are the effects, cannot bef determined with 
certainty. But a power to effect decomposition, the same in 
kind as that occurring in the acid jar, and which acts in tlie 
same sense or direction, is propagated through the wire, and 
appears to be fundamental to all the other phenomena. 

Let the wire, supposed to be 
of platinum, connecting the zinc 
and copper p&tes, be divided in 
the middle, and the extremities A 
and B of the portions attached to 
the copper and zinc pli^tes respec- 
tively be flattened iilto small plates, 
and then* dipped at a little distance 
from each other in a second vessel 
containing hydriodic acid. Iodine 
will soon appear at A, although 
that element is incapable of com- 
bining with the substance of the platinum, and hydrogen gas will 
appear at B. If the connecting wire and the small platgs A and 
B were of zinc or of copper, the hydriodic acid would be decom- 
posed precisely in the same manner, but the iodine as it reached A 
would unite with, the metal and form an iodide. Supposing a de- 
composing force to l^ve originated in the zinc plate, and to have 
circulated through the hydrochloric acid in the jar to the copper 
])late, and onwards through the wires* and the hydriodic acid 
back to the zinc, as inSicated by the direction of the arrows, 
then the hydrogen of the hydriodic acid lias followed the same 
course, and been discharged against the metallic ^surface to 
which the arrow points^ 


Fig. 3. 
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Th^ solution of the zinc in hydrochloric acid which deve« 
lopes tlKse powers, acting at it distance, is not itself impeded, 
but on the contrary, is promoted by exerting such an influence. 
For placed alone in* the acid, that metal scarcely dissolves at 
all, if pure ^nd‘ uncontaminated* with other metalfe, or if its 
surface has^*been silvered with mercury, but it dissolves with 
rapidity wh^n a copper plate is associated with it in the same 
jar, in the manner described. Hence the decomposing power 
which appears lictween A and B, cannot be viewed as actually 
a portion of that which dauses the solution of the zinc in the 
hydrochloric acid,' for that force has suffered no diminution in 
its own proper sphere of action. 

This combination of metals and fluids is known as tlie simple 
voltaic circle. 

To explain the phenomena of the voltaic circle, ihe . exis- 
tence of a substantial principle, the (dectric fluid, has been 
assumed, of such a nature that it is readily communicable to 
matter, and capable of circulating through the voltaic arrange- 
ment, carrying with it peculiar attractive and repulsive forces 
which occasion the decompositions observed. A vehicle was thus 
created for the chemical affinity which is found to circulate. But 
it is generally alio, wed that this form of the electrical hypothesis 
has not received support from observations of a recent date, 
particularlyc from the great discoveries of Mr. Faraday, which 
have completely altered the aspect of this department of 
science, and suggest a very different interpretation of the phe- 
nomena, All electrical phenomena whatever are found to 
involve the presence of matter, or there is no evidence of the 
independent existence of electricity apart from matter, so that 
these phenomena may really be exhibitions of the inherent pro- 
perties of matter. The idea of anything like a circulation of 
electricity througii the voltaic circle appears to be abandoned. 
Electrical induction, by which certain forces are propagated to 
a distance, is found to be always an action of contiguous par- 
ticles upon each other, in which it is unnecessary to suppose 
that anything passes from particle to particle, or is taken from 
one particle and added to another. The change which a par- 
ticle undergoes, takes place within itself, and it is looked upon 
as a temporary development of different powers in different 
points of the same partiae. The doctrine of polarity has thus come 
to be introduced into the discussion of electrical phenomena.^ 

* For Mr. Faraday’s more recent views, tie £levc|iith and subsequent series of 
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One reason for retaining the theory of an electric fluid or 
fluids, is that it affords the means of expressing in distinct 
tern)s those strictly physical laws, which are reputed electrical ; 
and for many purposes *such an hypothesii? is unquestionably 
useful, if nftt absolutely necessary ; but it has nothing to re- 
commend it in the description of the cheimcal phenomena of 
the voltaic circle. These admit of a perfecfly intelligible 
statement, when viewed as an exhibition of ordinary chemi- 
cal affinity, acting in particular circumstanced, without any 
electrical hypothesis. It is often said that chemical afi^ 
nity acts only at insensible distances, and this may be true 
* of its direct action, but is not inconsistent with its exerting an 
influence at a distance, like many other forces, by ai\ inductive 
agency^ a mode of action which requires careftil consideration. 

Magn^ical polarity . — The ideas of induction and polarity, 
which now play so important a part in physical theories, were 
originally suggested by the phenomena of magnetism, which 
still afford the best illustrations of them. A bar magnet ex- 
hibits attractive power which is not possessed in an equal 
degree by every particle composing the bar, but is chiefly 
localized in two points at or near its extrenfities. The powers, 
too, residing at these points are not one and the same, or 
similar, but different, indeed contrary in their nature 5 and are 
distinguished by the different names of Boreal magnetism and 
Austral magnetism. The opposition in the nfode of action of 
these powers is so perfect, that thr^y completely negative or * 
neutralize each other when residing in the same particle of 
matter in equal quantity or decree, as they are supposed really 
to exist in iron before it is magnetized ; and they only signalize 
their presence when cUsplaced and separated to a distance from 
each other, as they are in a *magnet. A body possessing any 
such powers residing in it; which arew not general, but local, 
and not the same, but opposite, is said (in the most general 
sense) to possess polarity. 

In the theory of magnetism, it is found necessary to con- 
sider a magnet as qomposed of minute, indivisible particles or 

his Researches in the Philosophical Transacticihs for 1836, and the following 
years, may be referred to. • He has lately favoured the scientific world with a 
reprint of the whole series; Faraday’s Experimental Researches in Electricity, 

R. and J.E. Taylor, London, 1839. The subject is also systematically treated 
by Professor Daniell in his recent work, An Introduction to the Study of Chemi- 
cal Philosophy, which may be consulted with advantage. 



202 


INDUCTIVE AFFINITY. 


filaments of iron, each of which has individually the properties 
of a separate magnet. ’ The chsplacement or separation of the 
two attractive powers takes place only within these small par- 
ticles, which are called the magnetic 'elements, and must be 
suppoited so minute, that they iilay be the ultimatoo.particles or 
atoms themselves the iron. A magnetic bar may therefore 

be represented (as in 
^ the figure) as composed 
5 of minute portions, the 
I right hand extremities of 
each of which possess one 
species of magnetism, and the left hand extremities the other. 
The shadf d ends being supposed to possess boreal, and the light 
ends austral magnetism, then the ends of the bar itself, of which 
these sides of the elementary magnets form the faces, p^sess re- 
spectively boreal and austral magnetism, and are the boreal and 
austral poles of the magnet. Such, then, is the polarized condi- 
tion of a bar of iron possessing magnetism, of which the attractive 
and repulsive powers residing at the extremities are the results. 
Of the existence of such a structure, the breaking of a magnet 
into two 'or more parts affords a proof, for it forms as many 
complete magnets as there are parts, new poles appearing at all 
the fractured extremities. 
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Magnetical induction . — When to the boreal pole 
B of a magnet (Fig. 5.), which may be of the horse- 
shoe form, .ii piece of soft iron a by wholly destitute 
of magnetic powers, is presented, a similar dis- 
placement of the magnetic forces of its elements 
occurs as in the inagnet itself; or a b becomes 
a magnet by induction, and^ may attract and in- 
duce magnetism in a second bar a* V ; both of 
which continue magnetic so long as the first re- 
mains in the same |)osition, and under the in- 
fluence of A B. These induced magnets must 
have the same polarized molecular structure as 


the original magnet, but their magnetism is only temporary, 
and is immediately lost when they are removed from the per- 
manent magnet. The disf)lacement of the magnetisms in these 
induced magnets commences at the extremity a of a by in contact 
with B, which extremity has the opposite magnetism of B, (the 
different kinds of magnetism being mutually attractive,) and is the 
austral pole ‘of a b; and b is its boreal pole. Of i', again^ the 
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upper extremity a', in contact with is the austral, and the 
lower extremity the boreal pole, or b have the same kind 
of magnetic power as the pole B of the original magnet, from 
which they are dependent. A third bar of ^oft iron placed at 
/> is likewise polarized, and thfe series of induced magnets may 
be still farther extended, but the attractive^ powers developed 
in the different members of the series, becomc^less and less 


with their distance from the pole B of the original magnet. 


Fig. 6. 



Fig. 7. 



A similar set of barS may be con- 
nected with A«(Fig. (>.), which become 
temporary magnets als^ according to the 
same law, the lower extremities of this 
set being austral! On now uniting the 
lower extremities of b»th sets by another 
bar of soft iron a" 6", (Fig. 70? either 
set renders a magnet, having its 

austral pdle at a** and its boreal pole at 
; and acting together, they commu- 
nicate a degree of magnetism to the 
uniting bar, greater than either set pos- 
sessed before they wre united.® By this 


connexion also the inductive actions of each set of bars is 


brought to bear upon the other, and the attractive forces at 
all their poles are thereby greatly increased. In the most fa- 


vourable conditions as to the size and connexion of the tem- 


porary magnets, with relation to primary magnet, the 
former, however numerous, should each acquire powers equal 
to those of the original magnet. This general enhancement of 
power in the induced magnefe, has been acquired by com- 
pleting the circle of thym between A and B. 

It is also important to observe, with a view to the future 
application of the remark, /that a single bar of soft iron, or 
lifter^ as b a, (Fig. 8.), connecting the poles of a* magnet 
A B, not only acquires at a and b "equal, though opposite 
Fig. 8. powers to the contiguous poles of the magnet, but 
also reacts by induction on these poles themselves, 
and increases their magnetism. The original mag- 
netic forces of A and B are therefore increased, 
by the opportunity to act inductively, which the con- 
necting bar affords them. The threads of steel 
filings which are taken up by a magnet, (see figure 
9) illustrate tlje inductive action of ^magnetism. 
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for each grain of steel 
„ ‘ . , is a complete magnet. 

^ observed 

also that these threads 
diverge ^'Ifrom each 
! ■;; ";' " ■ * ;'■ other ; because while 

' ; ■ ■ unlike poles are in 

contact in eacl\. thread which attract, like poles are in contact of 
adjoining threads which repel. This repulsion of polar chains 
<6y each other, there wilt be occasion again to recur to. 

Chemical polarity and induction. — With these elementary 
notions of polarity and the mode of action of a force by induc- 
tion, we Inay return to the chemical phenomena of the voltaic 
circle. It is to be assumed that the zinc and hydrochloric acid 
are both composed of particles, or molecules, which are suscep- 
tible of a polarized condition^, like the particles of soft iron, in 
which condition, the opposite ends of each molecule possess diffe- 
rent and contrary attractive powers. Of hydrochloric acid, the 
chemical atom may be taken as the polar molecule, and it will 
therefore consist of an atom of chlorine and an atom of hydrogen 
associated together. The polar molecule of zinc may be sup- 
posed, for a reason which will afterwards appear, to consist of a 
pair likewise of associated atoms, which, how^ever, are in this body 
both of the^same element. The powers developed in a polarized 
molecule of zinc and of hydrochloric acid are the same. One 
pole of each, molecule iia5‘ the attraction, or affinity, which is 
characteristic of zinc, or zincous attraction, and may be called the 
zincouspole; while the other^Jkas the attraction, or affinity, 
which is characteristic of chlorine, or chlorous attraction, and 
may be called the chlorous pole. Polarity is not an ordinary 
condition of the particles of either the zinc or acid, but is deve- 
loped in both wffien brought into 9ontact with each other. Such 
is to be supposed the mode in which chemical affinity always acts. 

Zinc and acid in contact may therefore be represented (Fig. 

Fig. 10. 10.) by trains of associated 

^nc. . Add. pairs of atoms. In the mo- 

lecule of hydrochloric acid 
I E A B c D B, wjbich is in contact with 






• - 
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zinc, the chlorous affinity is thereby developed on the side next the 
zinc, and we have there the constituent chlorine atom forming the 
chlorous pole, the fluidity of the add allowing its molecule to take 



INDUCTIVE AFFINITY. 


205 


that position, which may be indicated by inscribing cl in the circle 
which represents the chlorine atom. The other atom of the 
particle B, or the hydrogen, comes therefore to be the scat of 
the opposite, or zincous* pole, and is marktd z. Of the two 
atoms fornling the polarizable* molecule A of the zinc, the ex- 
terior atom which is in contact with the acidiias thereby zincous 
attraction developed in it, and becomes the zincous pole, while 
the interior becomes the chlorous pole, as indicated in both by the 
inscribed letters. This polar condition of the^.zinc and acid 
particles A and B must be supposed^the necessary and im- 
mediate consequence of their simple contact. • 

' But each of these particles throws a train of particles of its 
own kind into a similar state of polarity ; A, the contiguous 
particles E and I of the zinc, and B the cctitiguous particles 
C and D of the acid. For cl of A becoming a chlorous pole, 
developes near it an opposite, or zincous poles in zn of E, 
and a chlorous pole in e*/, the rhore remote extremity of E ; 
in the same manner as the austral pole of a magnet de- 
velopes, by induction, a boreal and austral pole in a piece of 
soft iron applied to it. And as the induced magnet, thus 
formed, will react up m a second piece of iron, and fender it 
also magnetic, so the polarized particle E, renders I similarly 
polar. The polarized condition of the particles# C and D ■ of 
the acid is produced by B in the same manne^. But as 
in a series of induced magnets (Fig. 5.), the •magnetism ac- 
quired diminishes with the distance freni the pole of the original 
magnet, so in trains of chemically polarized molecules, such 
as A, E, I and B, C, D, the amount of polarity developed 
in each molecule will diminislh with the distance from the 
sources of induction ^ and B ; I being polarized to a less 
degree than E, and D than C*. 

In the electrical theory of the voltaic circle as modified by 
Mr. Faraday, the zinc and hydrochloric acid are equally sup- 
posed to have a polarizable molecule. The polarity is also 
developed in these molecules by their approximation or contact. 
The molecule of^ hydrochloric acid is supposed to contain the 
positive and negative electricities which possess contrary 
powers, like the two magnetisms ; arfd are in combination and 
neutralize each other,* in the non-polar condition of the mo- 
lecule. But the contact of zinc causes the separation of 
the two electricities in the acid molecule, its atom of chlorine 
next the zinc becoming negative, and its atom o!* hydrogen 
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positive. The electricities of the zinc molecule arc separated 
at the same time, the side o^ the molecule next the acid be- 
coming positive, and the distant side negative. The positive 
and negative sides 6f the two ^difFerenf molecules are thus in 
contact, the different electricities,* like the different ^nagnetisms, 
attracting each other. Hence, one side of each molecule is said to 
be positive instead of zincous, and the other side to be negative 
instead of chlorous. Polarity of the molecule is supposed in 
both views, on one view" the polar forces are tlie tw^o clec- 
^icities, on the otlier Wo chemical affinities. The difference 
betw"een the tw"o -view^s is little more than nominal, for in both 
the same powers and properties are ascribed to the acting 
forces. The electricities are supposed to be the cause of tlie 
chemical affinities, but it may wdth equal justice be assumed 
that chemical affinities arc the cause of the phenomena reputed 
electrical. One set offerees only is necessary for the explanation 
of the wdiole phenomena of combination, and the question is, 
whether are these forces electrical or chemical ? Shall elec- 
tricity supersede chemical affinity, or chemical affinity super- 
sede electricity ? If the electricities should be retained in dis- 
cussing t!iie voltaic uirclc, their names might be changed with 
some advantage, the positive be called zincous electricity, and 
the negative, oJdorous electricity, which express (as will appear 
more clearly afterwards), the nature of the chemical affinities 
with which theSe electricities are invested, and of which they 
are indeed constituted tho^ sole depositaries. The propagation 
of iiic effects to a distance is supposed to take place by the 
polarization of clniins of moleculeg, on the electrical as well as 
chemical theory of the voltaic circle, so that the exj)lanations 
which follow, although expressed in the language of the chemical 
theory, are the same in substance as those which are given on 
the electrical theory as at present uuder stood. 

If the attractions of the respectiVe zincous and chlorous poles 
of A and B which are in contact, rise to a certain point, the 
atom 2 " of A is detached from the mass of met^l and combines 
with the atom cl of B, which last atom ig disengaged at the 
same time from its hydrogen. Chloride of zinc is produced and 
dissolves in the acid liquid, while hydrogen is disengaged and 
rises from the surface of the metal ; or we have the ordinary 
circumstances of the solution of an isolated mass of zinc in 
hydrochloric acid. 
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SIMPLE VOLTMC CIRCLE. 

• 

When the zinc is pure, orbits surface* amalgamated with 
mercury, tl»e zincous and chlorous attractions of the touching 
poles of A and B are not sufficiently intenae to produce these 
effects, and combination does not occur. Let i copper plate 

Fig- 11. 

Connecting wire. 



F G H (Fig. 11.), be then introduced into the acid, and con- 
nected by a metallic wire H K f with the zinc. The particles 
of the acid assume chlorous and zincous poles as before, so 
also do those of the zinc, and the chain of polarized molecules 
is now continued through the zinc and wire to the copper, the 
exterior particle F of which, it will be obsefved, comes thereby 
to present a chlorous pole to the acid. The contiguous par- 
ticle D of acid is thus exposed to a second induction from the 
chlorous polarity of the copper, which increases *the zincous 
polarity of the side of D next F, and, therefore, cooperates 
in enhancing the polarized conditions already assumed by the 
chain of acid particles extending between the two metals. An 
endless chain or circle of polajjized molecules symmetrically ar- 
ranged is thus formed, ^uch as exists in a magnet of which 
the poles are united Ijy a lifter, in which every particle in the 
chain has its own polar con*ldition elevated by induction, and 
at the same time does itself react upcffi and elevate j:he polar 
conditioh of every other particle in the cjhain. The result of this is 
that the primary attraction of the zinc atom z of A, for the chlo- 
rine, cl of the hydrochloric acid B is increased, and attains tlat 
degree of intensity at which the resistance to the impending com- 
bination is overcome, and the z and cl of A and B xmite. But 
in a circle of polar molecules, in which the condition of any one 
molecule determines and is determined by that of every other, 
the intensity of the polar condition is necessarily the same in 
every plement of the circle. The chemical polarity, therefore. 



208 


INDUCnVE AFFINITY. 


of the other particles^ forming the chain must increase to an 
equal degree with A and B, when the circle is completed, and 
the same change must now occur in ^11 of them that has oc- 
curred in A and B. The pole ctf ^B next C is intensely zincous, 
while that of C next B is intensely chlorous, whence ^he chlorine 
and hydrogen fil arul z of these two particles combine together. 
At the same time, and for the same reason, the hydrogen z 
of C unites with the chlorine cl of T>; and so on, through 
a chain of particles of hjrdrochloric acid of any length, till the 
copper is reached, when the last acid particle, D in the figure, 
yields its hydrogen z to the chlorous pole of the copper cL 
But the hydrogen^ not being capable of combining with the 
copper, liberated as gas upon the surface of that met ah 

Some internal change of a similar character appears to take 
jdace in the chain of polarized molecules extending through the 
metals themselves — a series of molecular detachments and re- 
attachments, among the atoms of their polar molecules, like 
the decompositions and recompositions in the acid, causing 
evolution of heat and other phenomena, generally reputed elec- 
trical, wjiich the zinc and copper plates and the connecting 
wire exhibit. 

The polar molecule of the metals has been assumed to con- 
tain two atoms (like that of the acid), with the view of 
assimilating* these intestinal changes in the solid to those 
occurring in the fluid portion of the voltaic circuit, and also 
because it appears to account for the advantage of amalgamating 
the zinc surface. In the amalgamated plate, it is not zinc itself 
but a chemical combination of .mercury and zinc which is pre- 
sented to the acid, in which mercury is the ^‘negative’' element, 
and which might, therefore, be called a hydrarguret of zinc. 
That combination likewise is fluid. It must constitute the 
polar molecule, which ^ill then cpnsist of aT>atomo£ mercury 
as chlorous pole, and an atom of zinc as zincous pole, and not 
of^wo atoms of zinc. These metallic molecules are also ca- 
pable of movement from their fluidity, and will, therefore, 
place themselves in forming a polar chain witli their unlike 
poles together, as the fluid acid particles arrange themselves. 
So that in an amalgam of zinc, of whicl^ A, E and I are polar 
molecules (Fig. 8.), all the atoms marked cl are mercury, and 
those marked z are zinc. It thus follows that, when by con- 
tact with an acid he amalgam is polarized, it presents a 
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face of zinc only to the acid. If the niewjury were exposed to 
the acid, that metal would comj^letely derange the result, acting 
locally like a copper plate, as will afterwards be explained. 
The previoj^s combination of Jblie zinc (with mercury,) likewise 
prevents that metal from yielding easily to^the chlorine of hy- 
drochloric acid ; and the zinc of the amalgam is, "therefore, not 
dissolved, till the affinities are enhanced by the introduction of 
a copper plate into the acid, and the formation of a voltaic 
circle. \ 

It would thus appear that zinc, associated with copper, dis"^ 
.solves more readily in the acid than when alone, because the 
attraction or affinity of the zinc, for chlorine is increased by the 
completion of a circle of similarly polarized particles, in the 
same manner as the magnetic intensity at one of the poles of 
a magnet is increased on completing the circle of similarly po- 
larized molecules, by connecting that pole by means of soft 
iron with the other pole (Fig. 6., page 203). 

Although the terms of the electrical hypothesis are at present 
avoided, still it will be convenient to denominate the zinc, ^ 
being the metal which dissolves in the a^id, the active or 
positive metal, and the copper, which does not dissolve, the 
inactive or negative metal of the voltaic circle. * 

Looking to the condition of the two connected metals in 
the acid, it will be observed that the surface of. the zinc pre- 
sented to the acid has zincous aiSnity, or is zinco-polar, 
but the surface of the copper presented to the acid has, on 
the contrary, chlorous affinity, or is chloro-polar. Such a 
condition of the copper is necessary to the propagation of the 
induction ; and the advantage of copper or platinum as the ne- 
gative metal in a voltaic arrangement depends upon there being 
little *or ho impediment Ho either of these metals assuming the 
chlorous conditioner that can arise from the peculiar affinity of 
the metals named for the chlorine of thfi acid ; an affinity which 
tends to cause them to be superficially zincous instead of cir- 
rous. If the second metal were zinc, the surface of it would 
be disposed to dislolve in the acid, and becoming on that 
account zincous, would induce a polarization in the intermediate 
acid, in an opposite sense, from that induced by the first plate 
of zinc ; which counter polarizing actions would mutually neu- 
tralize each other. The acid between the two zinc plates would 
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be like a piece of iron connecting two like magnetic poles, 
which itself is not then polarizfed^ 

But if one of the two zinc plates were less disposed to dis- 
solve in the acid than the other, from the physical condition 
of its surface, from the acid being weaker there, ol^' from any 
other cause, then the plate so situated might become negative 
to the other, and a voltaic circle of weak power be established, 
in which both rnetals were zinc. 

If zinc is alone in the acid, and every superficial particle of 
the metal equally disposed dissolve, then the zinc every- 
where exposes a surface in a state of zincous polarity ; and an 
inductive circle in the liquid, starting from one particle of the 
zinc and returning upon another, cannot be established, as this 
requires that a part of the zinc surface be chlorous. But if the 
Fig. 12. contains on it^ surface a single particle of 

copper, F (Fig. 12.), a chlorous pole is created 
upon which an inductive circle starting from 
an adjoining particle of zinc. A, and passing 
through the liquid, may return as shewn in the 
figure. It is the formation of such circles that 
causes impure zinc, which is contaminated by 
other metals, to dissolve so much more quickly 
in an acid than the pure metal. Why such 
circles are not formed when the positive metal 
in combination with the zinc is mercury, which 
forms a fluid alloy, has ciiready been accounted for ; and the 
nature of the evil which might otherwise attend the amalga- 
mation of the zinc is now evident. 

The whole chain polarized molecules in the voltaic circle 
admits of a natural division into two segments, the acid or 
liquid segment, BCD (Fig. lO.j, and the metallic segment, 
A K Fj^each of whiefrhas a p^ir of poles, the unlike poles 
of the two segments being opposed to each other. The pole at 
B of the acid portion is chlorous, and is opposed to the 
zincous pole at A of the metallic segment ; while the pole of the 
liquid segment at D is zincous, and is opposed to the chlo- 
rous pole of the metallic, segment at P. The distribution of 
polarity in these two segments is, therefore, the same as in 
two magnets with their unlike or attracting poles in contact. 

Such, then, is the action of affinity by induction, which the 
mere introduction of zinc and copper in contact into the same 
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acid liquid, is sufficient to develope, and which accounts for 
the discharge of the hydrogen upo» the surface of the copper 
in such an arrangement, the remarkable phenomenon by a de- 
scription of which this subject wa^i introduced^ 

It remains* for us to apply the samef principles to explain 
the additional phenomena of the second <!feise described, in 
which the connecting wire, supposed to be of platinum, between 
the zinc and copper plates, is divided, and the broken ex- 
tremities introduced into hydriodic acid (Fig. 3, phge iy9.) 

Broken at any point, as at K, (Fig. •12.), it is evident that 
if the polarized condition be still sustained, the •portion of the 
metallic segment connected with the copper plate will termi- 
nate with a zincous pole at K, and that connected with the 
zinc, with a chlorous pole ; which may be indictited respectively 


Fig. 13. 



by K and L in Fig. 13. When hydriodic acid fs interposed 
between K and L, the breach is repaired by the polarization of 
a chain of particles of that acid. The extremity K, being zincous 
induces chlorous polarity in the jside of the hydriodic acid par- 
ticle which it touches, in consequence of which the iodine atom 
(the analogue of chloripe) of the hydriodic acid molecule is 
presented to that pole, and liberated there when decomposition 
occurs. The extremity L of the zinc or positive metal ejement 
is chlorous, and therefore induces zincous polarity in the 
particle of hydriodic acid which it touches, and hydrogen (the 
analogue of zinc) ^s liberated there. The polarity in an induce# 
circle must necesi|aiuly be of equal intensity af every point in 
it, and being sufficient at A to cause the decomposition of the 
hydrochloric acid, must also decompose the hydriodic acid 
between K and L, otherwise it is never established at A, nor 
any where else. 

In the present arrangement, the voltaic circle is brgkcn into 
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four segments, or has four polarized elements, every terminal 
pole of which is in contact^ with a pole of a different name ; 
and the whole arrangement may be compared to a circle of four 
magnets with the' attractive poles in contact. 

Fig. 14/ ' These elerAents are; — 



First, the zinc plate or po- 
sitive metal, A L, of which 
the end at A, in the hydro- 
chloric acid (Fig. 14.), has 
zincous affinity, and the 
end at L., in the hydri- 
odic acid, chlorous affi- 
nity. 


Secondly, the body of hydrochloric acid, A F, between tlie 
zinc and copper plates, of which the surface at A, in contact 
with the positive metal, has chlorous, and that at F in contact 
with the negative metal, zincous affinity. 

Thirdly, the copper or negative metal F K, of which the end 
at F in the hydrochloric acid, has chlorous affinity, and at K, in 
tlie hydriodic acid, zincous affinity. 

And fourthly, 'the body of hydriodic acid, K L, between the 
zincous and chlorous poles of the negative and positive metals, 
of which the surface K, in contact with the negative metal, is 
chlorous,*: and the surface L, in contact with the positive metal, 
zincous. 


In every voltaic chcll? employed to produce decomposition, 
these four elements are to be looked for. Hereafter, in ad- 
verting to any one of these elei^nts it wdll be sufficient to confine 
our notice tc its terminal polarities or affinities, without re- 
curring to the polarized condition of 4he element itself, upon 
which its terminal affinities depend. 


COMPOUND VOLTAIC CIRCLE. 

In both the arrangements described there is only one source 
of polarizing force, namely the action between the zinc and 
acid at A. But a circle of a similar nature may be constructed 
embracing within itself trwo or more of such primary sources 
of polarizing power, and the Intensity of the polar condition of 
the whole circle be thereby greatly increased. 

Figure 15 represents such a circle in which there are two 
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2 ^^ zinc plates, both supposed to be in 

^ contact With hy drocliloric acid, namely 

at A and at C, and a copper plate 
attached to each of*these zincs. The 
Illy circle* is made* up of two pairs of 

copper and zinc, ^oppej and zinc, 
'■.^Jcop.2 with acid between each pair. The 
T =Vj5i/ polar condition of such a circle will 
^ easily be observed. lly the contact 

of the acid and zinc at A, a zincous pfilc is established tlicre 
in the first zinc plate, and a chlorous pole in "the acid, which 
are so inscribed in the diagram. The^e occasion the for- 
mation of a chlorous pole at D in the first copper, the united 
zinc and copper A D forming together one* polar element; 
and a zincous pole at B in the acid, the column A B of 
acid, being the second polar element. The further eftect 
of the induction is to produce a chlorous pole at B in the se- 
cond copper, of which the corresponding zincous pole is at C, 
in the second zinc ; the united zinc and copper B C forming 
together a third polar element. And, as a last consequence 
of the inducing force originating at A the column of acid 
between C and D becomes a fourth polar eleiu^iut of the 
circle, having a chlorous pole at C and a zincous pole at D. 
Now it will be observed that the chemical aftinity between 
the acid and zinc at C tends to produce the same polar con- 


ditions at that point, as are already •eiftablished there from 
the effect of induction. The extremity of the zinc plate at 
C is in fact zincous both priiajarily and by induction ; and 
tlie acid in contact with it, likewise clilojous, both primarily 
and by induction ; and -generdly throughout the whole circle, 
the polar conditions determined by tlie second chemical action 
at C are the sahie as those deftej'inined b^ the first action at A. 

Fig. 16. In the last* arrangement, the in- 

ductive actions arc in the same direc- 
tion, and favour each other ; but a 
• circle niay be constructed in which 
the inductiojis, being in opposite 
Copper jjj.^^,2;ions, opposc and neutralize 
each other. Thus if A D (Fig. 1 6.) 
be entirely zinc, both its extremities 
being exposed to acid, ^dll tend 
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equally to be zincous. In the same way if B C be entirely 
copper, the condition of both its extremities will be chlorous 
from the action of the acid on the ^two ends of the zinc ; 
and consequently tbe elements* of such a circle could have no 
polarity. 

A circle is^ represented in Fig. 17 , containing three sources 
of polarizing force. It consists of three alternations of copper 
Fig. 17* and zinc symmetrically arranged, and 

forming three polar elements F A, B C 
and D E, with three acid columns 
between these alternations, which 
form three additional polar elements, 
A B, C D and E F. The number 
of alternations of copper and zinc, 
with acid, may obviously be increased 
to any extent, and the chemical ac- 
tion of the acid on the zinc in each alternation is found to 
increase in a marked manner up to the number of 10 or 12 
alternations. Tins increase of the affinity is undoubtedly owing 
to the favouring inductive action, which the chemical actions at 
the different points have upon each other. Such a compound 
circle may be compared to a number of magnets disposed in a 
circle with their attracting poles together, of which each would 
have its magnetic intensity exalted by induction from all the 
rest. When such a circle is broken at any point, all chemical 
action and polarization cease till contact is again made, and the 
circuit completed. The polarization, too, being the result of a 
circular induction involving so .many lines or chains of particles, 
cannot, when once established, be more nor less at any one 
point in the circuit than at others. The resulting chemical 
action must therefore be every where equal in the circle, and 
consequently the same quantity * of zinc be dissolved and 
hydrogen evolved in each acid. 

If any metallic element of this compound circle be broken, 
and a polarizable liquid be interposed between the metallic 
extremities so as to complete the circuit, decomposition occurs 
in that liquid as in the simple interrupted circle (Fig. 12.) 
The polarizing influence of the compound circle being of high 
intensity, more numerous and difficult decompositions are 
effected by means of it, than by the simple circle. The 
compouncb voltaic circle is indeed a decomposing instrument 
of great efficiency. 
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If in this arrangement the position* of one of the metals 
in the series be reversed, so that a zinc is where a copper 
should be, then by the •action of the d!bid on that zinc polariza- 
tion in th^ wrong direction is* occasioned, which greatly dimi- 
nishes the general polarity of the circle,® reducing it in an 
arrangement of ten alternations to one fourth according to 
Mr. Daniell. 

In the first of the two annexed diagrams •(Fig. 18.) is re- 


Fig. 18. presented a com- 

\ .pound circle, sucfi^ 

f \ as is employed to 

^ volteic bat- 

N. ^ each of which con- 

tains a zinc and 
copper plate ; and 

which are termed active cells, as they are sources of I>olarizing 
power, from the action of acid upon zinc which takes place 
in them. 


In the second diagram (Figure 19), the same arrangement 
Fig. 19. 



is repeated with ^the addition of a third jar, termed the de- 
composing cell, which contains any polarizable liquid, with 
two platinum plates immersed in it. Each copper, it will be 
seen, is connected by a wire with the following zinc, and in 
the first diagram, the copper in the third cell C'' is imme- 
diately connected with the zinc in the first cell Z by a wire, 
and the circuit thus completed. The polar eleiSents in the 
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circle of the first diagram, it V3II be found are six in number ; 
namely, the three acid columns between the metals in the 
cells, ai, cd and ef ;c ancf the three pairs of zinc and copper 
plates, each of which forms a single polar element; of which 
the surface of the yinc is the zincous, and the surface of the 
copper, the chlorous pole. In the second diagram, one of 
these metallic elements Z C" is divided, and a polarizable 
liquid gh^ in the cell of decomposition, interposed between the 
broken extremities PI avd PI'. To ascertain the polar con- 
fition of the extremities, or the terminal platinum plates in 
the decomposing cell, it is to be observed that PI' with Z 
forms one polar element, of which Z being a zincous pole, PI' 
must be a chlorous pole. Again, PI with C" forms one polar 
< element, of which C" being a chlorous pole, PI must be a 
zincous pole. Now the platinum plates PI and PI' which 
are thus zincous and chlorous, are disposed in the decomposing 
cell, in regard to one another, the first to the left, and the 
second to the right, as the zincous and clilorous plates, (the 
zinc and copper), also are arranged in the active cells. It 
will be convenient tc distinguish, by names, the poles which 
these terminal platinum plates constitute, as they are much 
more frequently, referred to, and of greater consequence than 
any other poles in voltaic battery, when used as an instrument 
of decomposition as it constantly is. The chlorous plate PI' 
which is in connexion witlj a zinc plate Z, may be called the 
chloroid (like chlorine, quasi-chlorine), and the zincous plate PI 
which is connected with a copper plate C" may be called the 
zincoidy (like zinc, quasi-zinc), nalnes which express the virtual 
properties of each plate, or the particular attractive power and 
affinity which each of them acquiresr from its place in the circle. 

When hydrochioric ac^d is the polarizable liquid interposed 
between fhese plates, chlorine is® of course attracted by the 
surface of the zincoid and' discharged there, and hydrogen by 
the face of the chloroid and discharged upon that plate. On 
the electrical hypothesis, the same plates are variously denomi- 
nated: 

Hht zincoid as the positive pole, the positive electrode, the 
anode, and the zincode. 

The chloroid as the n^ative pole, the negative electrode, 
the cathode and the platinode. 

The cell df decomposition thus interpolated in the voltaic 
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circle is an obstacle to induction, and reacts on the whole 
series, reducing the chemical action and evolution of hydrogen 
in each of the active cells by at least one third. In that retard- 
ing cell itself, the amount of decomposition, is necessarily the 
same as in^the other cells. *Mr. Dahielt found the chemical 
action reduced to one tenth, in a series ^f ei^ht active and 
two such retarding cells; and entirely stopped by three re- 
tarding to seven active cells. 

OF THE SOLID ELEMENTS OF THE VOLTAIC CIRCLE. 

The elements of a voltaic circle are obviously of two diffe- 
*rent kinds, the metals or solid portions,* through the, substance 
of which chemical induction is propagated without decom- 
position, and the liquids in the cells, which yield to the 
induction and suffer decomposition. In reference to the first, it 
is to be observed that, as only iron and one or two other 
metals of the same natural family are susceptible of magnetic 
polarity, so the susceptibility of chemical polarity which appears 
in the voltaic battery is not possessed by solids in general, 
but is confined to tl e class of bodies to which zinc Ifelongs, — 
the metals, all of which possess it, with the addition of carbon 
in the form of charcoal, and the sulphuret pf silver wlien 
heated. The non-metallic elements with their^compounds, 
and the oxides, sulphurets and other compounds of the metals, 
some of which exhibit the metallic lustre, are all destitute of 
this power, and cannot, therefore, be used as solid elements 
of the circle. A body available for this purpose is termed a 
conductor on the electrical hyf)othesis, a name which may be 
retained as it is not jit variance with the function assigned to 
the metals in the circle viewed as a chemico-polar arrangement. 
Two different metals are combined in a circle, one of which 
is acted on by the liquid, and, therefore, called the active or 
the positive metal, while the other is not acted upon, and is, 
therefore, calle^ the inactive or the negative metal ; aiid it has 
already been state4 that the more easily acted on by the liquid 
or the more highly positive the one metal, and the less easily 
acted upon, or more negative tlie Gth*er metal, the more proper 
and eflScacious is tlie combination. In the following table 
several of the metals are arranged in the order in which they 
appear positive or negative to each other, when acted on by 
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the acid fluids commonly employed in the voltaic battery* 
Each metal is positive to any ^ne below it in the table^ and 
negative to any one above it. 

Mosi positive. 

Potassium. 

Sodium. 

Manganese. 

Zinc. 

Cfidmium. 

Iron. 

Nickel. 

Cobalt. 

Lead. 

Tin. 

Bismuth. 

Copper:’ 

Silver. 

Mercury. 

Palladium. 

Platinum. 

Rhodium. 

Iridium. 

Gold. 

Most negative. 

Zinc which stends high iii the list, is the only metal which 
can be used with advantage in the voltaic battery, as the posi- 
tive metal. Although closely approaching zinc in the strength 
of its affinities, iron is ill adapted for the purpose, from the 
impossibility of amalgamating its surface, the irregularity of 
its structure, and certain peculiarities of this metal in reference 
to chemioo-polarity, Platinum forms an excellent negative 
metal from the weakness of its affinities, and is generally used 
for the plates in the cell of decomposition. Silver also is 
highly negative, but copper is the only negative metal, which 
from its cheapness can be used in the construction of active 
cells of ordinary magnitude. 

But although the difference between two metals in point of 
affinity be very small, yet their association in the same acid 
always gives a decided predominance to the affinity of the more^ 
positive, by pausing the surface of the other to become chlorous, 
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and therefore wholly inactive in an acid fluid. A negative metal 
may thus be protected from .tlie solvent action of saline and 
acid liquids, by association with a more positive metal; iron, for 
instance, by zinc, as in artfdes of galvanized iron^ which are 
coated witli the former metal ; and copjger by either zinc or 
iron, as was remarkably illustrated in the attempt made by Sir 
H. Davy to defend the copper sheathing of ships from corrosion 
in sea-water, by means of his protectors* '^^ese were small 
masses of iron or zinc fixed upon the ship^s copper, at different^ 
points under the water line. They* completely answered t!^^ 
purpose of protecting the capper, but unfortunately gave rise to 
a deposition of earthy matter upon that metal to which barna- 
cles and sea- weeds attached themselves, and^thereby •diminished 
the facility of the ship’s motion through the water. 

A weak galvanic circle may even be formed of a single positive 
metal in an acid, as the zinc, A B (Fig. 20), provided the 
Fig 20 surfaces of the metal exposed to the acid at 
A and B are in different conditions as to 

O purity or mechanical structure, and there- 
fore unequally acted ^ upon by. the acid; 
whereupon the part least disposed to dis- 
solve becomes negative t# the other. A zinc 
plate may also be unequally acted on and 
thrown into a polar state, fjront the liquid in 
which it is immersed varpng in composition 
® and activity, at ^different points of the me- 

tallic surface. A circle may thus be formed of one metal A B 
with two liquids A E and B.B, which merge into each other, 
and form together one polar element A B. 

The two metals irt a circle have generally been exhibited in 
metallic contact, and forming together one polar element, but 
they may be separated, a*s are the zinc and copper plates A D 
and C B in •the diagram (Fig. 2l ),*by two polarizable fluids. 
Fig. 21. provided these fluids are such as a strong 
acid at A B, and as iodide of potassium 
at D. C, the first of which acts very pow- 
erfully on zinCf while the other acts very 
feebly upon that metal (unless associated 
with copper) ; so that of the consequent 
oppoMUg inductions, that originating at A 
^atlybxceeds and overpoweas thatfromD. 
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It is likewise necessary that the fluid D C be of easy decompo^ 
sition, so as to yield to the polarizing power of the single circle. 
In this arrangement, however, it is obvious that the zinc itself 
forms a complete polar element, of which A is the zincous, and 
D the chlorous pole ; and' the copper also an entire^polar ele- 
*ment of which is the chlorous, and C the zincous pole. 

The preceding table exhibits the relation which the metals 
enumerated assume to each other, in the acid and saline solu- 
tions usually employed as exciting fluids. But the relation of 
Any one metal to another i^ not the same in all exciting fluids. 
Thus when tin aifd copper are placed in acid solutions, the 
former is most rapidly corroded and becomes the positive metal, 
according to its position in the series, but if they are put into a 
solution of ammonia* which acts most upon the copper, then the 
latter becomes the positive metal. Copper is positive to lead in 
strong nitric acid, which oxidizes the former most freely, where- 
as in dilute nitric acid, by which the lead is most rapidly dis- 
solved, the lead is positive. 

^-laUID ELEMEOTS OF THE VOLTAIC CIRCLE. 

With the view of simplifying the statement of the chemical 
changes which occur in the voltaic circle, the exciting fluid has 
hitherto always been supposed to be hydrochloric acid (chloride 
of hydrogen), and this compound is a fair type of the class of 
bodies which are available ‘for the purpose of bringing these 
changes into play. The exciting fluid is always a saline body in 
the general sense, that is, a compo^ind of a salt-radical, such as 
chlorine, with a basyle, such as hydrogen or a metal. The 
chloride of copper, chloride of sodium, chloride of ammonium, 
or the chloride of any other basyle may be substituted for hy- 
drochloric ^cid, although fiot all with the same advantage \ apd 
the chlorides of basyles m^^y be replaced by their iodides, sul^ 
phatoxides (sulphates), nitratoxides (nitrates) and salts of other 
acids, as exciting fluids, provided they have the condition of 
liquidity, which gives mobility to their particles and permits 
that disposition of them which is assumed in a polar chain. 
Tlie liquids, which yield in the cell of decomposition, are of the 
same nature, although the liquid which forms the best exciting 
fluid is not always the most easily decomposed in the decoih- 
posing ceU. 
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The positive metal which is exposed to the exciting fluid 
always acts in one way, displacing thh basyle and combining 
with the salt-radical of that*body ; in the manner the zinc has 
been seen to liberate Hydrogen and combifte with chlorine, when 
hydrochloric acid is the exfciting fliiid. The positive metal is 
thus substituted for a similar basyle in •a pre-existing saline* 
compound* That metal may dissolve in anotlier manner, by 
uniting directly, for Instance, with free chlorine or iodine in 
solution, but then no polarization follows. A* chain of particles 
of chlorine may extend from the zine to the associated negativft 
metal, but they are not polarized, as a chain ©f hydrochloric act& 
particles would be in the same circumstances. The particles of 
these free elements appear to be incapable of that 4 )plar condi- 
tion, having chlorous affinity on one sideband zincous on the 
other, of which both the solid and liquid constituents of th^ 
voltaic circle must be susceptible. Judging from the unifor- 
mity in composition of exciting liquids, their susceptibility of 
polarization depends on their consisting of an atom of basyle 
and an atom of salt-radical, which may become respectively the 
locus of zincous and chlorous polarity. Or as chlorine belongs 
to the salt-radicals and zinc to the basj4es, and each may be 
taken to represent its class, the exciting bodies may be said to 
be capable of having a chlorous and zincous pole, because they 
consist of a chlorous and zincous element. Sucl^ particles may 
be looked upon as in a state of tension when* forming a part of 
a polar chain, each about to divide .into its chlorous and zin- 
cous atoms. Mr. Faraday has established that all exciting 
liquids are binary compoqnds of single equivalents of salt- 
radical and basyle, or proto-compounds ^ such, as hydrochloric 
acid itself, proto-chlpride of tin, &c. Other saline bodies which 
are per-compoundSj such as bichloride of tin, are not exciting or 
polarizable, because, as it may be supposed, they a]je not natu- 
ally resolvable into a chlorous and^ zincous aton;i> but into a 
chlorous atom and another salt ; the bichloride of tin, for 
instence into^ chlorine and proto-cblpride of tin. For such 
saUne bodies migr all be Memory compounds and consist of a 
binary compound united with an additional quantity of salt- 
radical* Certain protocompounds/ also, which are deficient in 
the saline chamoter, are not polarizable, such as chloride of 
sulphur, protoohloride of phosphorus and protochloride of 
carbon. Tliese bodies do not contain a proper basyle. 
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The zinc or positive metal, too, always forms a proto-com- 
pound in dissolving, vthich is^ a saline body. The order of 
the chemical changes in the excitifig fluid therefore is as follows : 
The zinc in decomposing a binary compound and forming a 
binary compound, liberates an atom of its own cls ss; which 
• atom repeats the same actions; supplying at the same time 
another atom 6f the same kind to act in the same manner, and 
that another, from the zinc to the copper plate. The combining 
bodies are always a basyle and a salt-radical, and therefore only 
<two kinds of attraction or affinity are at work throughout the 
tfiain, those of a ^basyle and a salt-radical, the zincous and 
chlorous affinities. Hence, in the present subject of chemical 
polarity, vre have to de^l .with but two attractive forces, the 
zincous and the chlorous, as in magnetism with but two mag- 
netic forces, the austral and the boreal. 

On the electrical hypothesis a body which is thus decom- 
posed in the active cells, or in the cell of decomposition, is 
called an electrolyte (decomposable by electricity), and this kind 
of decomposition is distinguished as electrolysis. The chemical 
expressions equivalent to these are zincolyte and zincolysiSy the 
decomposkions throvghout the circle being referred to the 
inductive action of the affinities of zinc or the positive metal. 

The characters or the two constituents of a zincolyte may be 
shortly noticed. The class of basyle constituents is composed 
of the metals in their order as positive metals, beginning with 
potassium and terminating ^with mercury, platinum and the less 
oxidable metals. Ammonium has a claim to be introduced high 
in this list, and should probably be accompanied by the analo- 
gous basyles of the vegeto-alkidies^ although in respect to the 
decomposition of their salts in the voltaic circle, we have no 
precise information. Hydrogen likewise finds a place near cop- 
per in this dass. < . 

At the Kead of the salt-radical constituents of zincolytes may 
be placed iodine and the other inembers of the chlorine family. 
These are followed by the salt-radicals of the sulphates, nitrates, 
carbonates, acetates, and other oxygen-acid salts. Sulphur must 
be allowed to follow the last as the salt-radical of the soluble sul- 
phuretSj^ and the lowest piace be assigned to oxygen, as the 
sait^raffical of the soluble metallic oxides, of oxide of potassium, 
for instance, and of water. It is unusual to speak of oxygen as a 
saltrradical> <^Dd of caustic potash and water as salts, but the 
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binary theory of salts recognizes no essential difference between 
the chloride, sulphatoxide, and, oxide t)f a basyle, the oxide 
being connected with the mord highly saline compounds through 
the sulphuret, and the chain^of s^t-radicals from iodine to 
oxygen being continuous and*unbroken. 

The facility of decomposition of differerit zincolytes appears 
to depend more upon the high place of their slilt<-radical than 
upon ?%he nature of their other constituent. The iodides, for 
instance, as iodide of potassium and hydriodic acid, are the 
most easily decomposed of all salts, yieMng to the polar influ- 
ence of the single circle. Then follow the chlorides,*— chlorid? 
of lead, fused by heat, yielding to a very moderate power. 
After these the salts of strong oxygen hcids, such ag sulphates 
and nitrates either of strong bases, such as potash and soda, or 
of weak bases, such as oxide of copper and water (the hydrated 
acids are such salts). The carbonates and acetates, which have 
much weaker salt-radicals, are Still less easily decomposed, and 
’ finally oxides are decomposed with great difficulty. Water itself 
is polarized with such extreme difficulty, and decomposed when 
alone to so minute a degree, even by a powerful battery, as to leave 
its claim to be considered a zincolyte when»in a state \)f purity 
by no means certain. 

Widely as the more characteristic salt-raffiqils and basyles 
differ, still the classes pass by imperceptible gradations into each 
other, and form portions of one great circle. Mercury and the 
more negative metals, although clearly J>a8yles, appear at times 
to assume the salt-radical relation to the highly positive metals ; 
such a character is evinced in mercury, by the energy with which 
it unites with sodium and potassium, and by its Junction in the 
amalgamated zinc plate oi the voltaic circle* So that the salt- 
radical or basyle character of a body is not alraolilte, but always 
relative to certain other boc^ies. 

The addition of a salt or lacid, even in minute quantity, to 
water in the cell of decomposition, causes 1^ 
of oxygen end ^hydrogen g^ses at tiiezml^c^d and chloroid, and 
is therefore often spoken of as fimiUtati presence, tiie 

decomposition of the water, in some way which cannot be ex- 
plained. Bnt the phenomena are 

the feinaiy of salhie erf* soda 

espft^ m erf Ihe d^ 

soffinm s^paiate radied^^^b^ 
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evolved at the zincoid and sodium at the chloroid. But the 
sodium having a strong affinit)^ for oxygen reacts upon the water 
at the pole^ forming soda and liberating hydrogen, which there- 
fore appear together ; while SO 4 having; as a high salt-radical, 
a powerful affinity for hydrogen, likewise decomposei> water, and 
thus evolves oxygen, which, with a free acid, appears at the 
zincoid. A solution of chloride of sodium is decomposed in the 
same manner, its elements chlorine and sodium being attracted 
to the zincoid rfnd chloroid respectively, but neither of these 
elements appearing as sveh. Both decompose water and thus 
'produce oxygen with hydrochloric acid at the zincoid, and soda 
with hydrogen at the chloroid. It has indeed been ascertained 
that the polar influence which apparently effects two decom- 
positions in thes 6 ‘ circumstances, namely, that of water into 
oxygen and hydrogen, and of a salt into .its acid and alkali, is no 
more in quantity than is necessary to decompose one of these 
bodies, the circulating power being measured by the quantity 
of fused chloride of lead decomposed in anotlier part of the 
circuit (Daniell). There can be little doubt then that only one 
binary compound is immediately decomposed, and that the two 
sets of p^roducts which appear at the poles, arc the results of 
secondary decomp^osition. Indeed the decomposition of salts in 
the voltaic circle affords considerable support to the binary 
theory of thpse bodies (page 164). 

Secondary dedompositiom. — ^The products of voltaic action arc 
frequently of that secondary character, the original products 
being lost from their reaction upon the liquid in which they are 
produced, or upon the substance pf the metallic poles. Ibus 
salts of the vegetable acids often afford carbonic acid, and salts 
of ammonia nitrogen, instead of oxygen, at the zincoid 5 the 
oxygen liberated having reacted upon the combustible constitu- 
ents 'of these bodies. Nitrates, again, may afford nitrogen, or 
nitric oxide, at the cldoroid, in consequence of the oxidation of 
the hydrogen evolved there. The nascent condition of the Ul)e- 
rated elements fevours such secondary actiops. When the 
zincoid is oompoeed of a positive metal, suph as zinc itself or 
copper, the chlorous element is absorbed there, combining with 
the metaL The decomposition of a salt is also then much 
easier, the action of the circle being greatly assisted by the 
proper itglhity of the matter of the zincoid for a chlorous body. 
Insoluble et^phurets, chlorides and other compounds of a posi^ 
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ti^e metal acting as the zmcoid,have thus been slowly produced, 
in^a single circle with a weak^ eftciting iuid; which products 
have exhibited distinct crystalline forms, resembling natural 
minerals, not otherwise producible bjr art.. The hydrogen 
evolved up^n a platinum chloroid, immersed in the solution of 
a copper or iron salt, may also reduce thes^ mejals upon the 
surface of the platinum, in the form of brilliant octahedral crys- 
tals. In the active cells themselves a secondary decomposition 
is apt to occur, the hydrogen evolved decomposing the salt of 
zinc which accumulates in the liquid, •and occasioning a depo- 
sition of that metal upon, the copper plate; an bccurrence which 
inay determine an opposite polarity, and^cause the action of the 
circle to decline. But on disconnecting the zinc aiKl copper 
plates, the foreign deposit upon the latter is “quickly dissolved 
off by the acid. The inconvenience of this secondary decom- 
position in the exciting cells is avoided by dividing the cell into 
two compartments, by a porous plate of earthenware, or by a 
humid membrane, interposed between the zinc and copper 
plates. The salt of zinc formed about that metal is prevented 
from diffusing to the copper, by the diaphragm, although it 
allows, from its porosity, a continuity of liqtid polarizable par- 
ticles between the metals. 

Before leading the subject of the liquid and sol^d elements of 
the voltaic circle, I may offer for consideration some opinions 
respecting their internal constitution, of a more speculative 
character, which the chemical theory bf •the voltaic circle sug- 
gests. 

The phenomena of electricity of friction, and of high tension 
appear to indicate that all compound bodies whatever are pola- 
rizable, under an intense induction. On the chemical theory 
this would imply that 1 hey are all binary compounds, or at least 
capable of a binitry disposition* of thefr elements. 4nd it is 
remarkable that recent discovery has (Jetected such a constitu- 
tion in several bodies containing a large number of atoms, and 
has rendered it probable in a great many others ; ether, for in- 
stance, hasfl^^n found to be the oxide of ethyl, benzoic acid 
the oxide of benzoyl, and all the essential oils appear to be 
bodies of a similar constitution. But the molecular constitution 
of such compfexf compounds appears not to be fixed and inva- 
riable. ^ 'Alcohol for instance, when free may be the hydrate of 
ethte*)' thhtls« a ternary compound ; but alcohol replaces water 
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in some salts, and then appears as a binary compound, or tbe 
oxide of a new basyl^, which is ethyl plus an atom of water. 
It is not improbable then that under the influence of a powerful 
iifduction, compounds may admit of different dispositions of 
their molecules* that thfe strong bhlorous affinity ?df a contigu- 
ous polar molecule miay develope near it a zincous element, in 
the most complicated substance. 

It comes to be a most interesting subject of inquiry, which I 
trust is not beyond our reach, what relation have the atoms of a 
metallic element of the circle to each other, when not in a polar 
^^ndition? Tliet relation I imagine to be that of combination. 
Their atoms assume so readily the binary or saline arrangement* 
under induction, that they may be supposed already to possess 
it. Their atoms ‘may be associated in a congeries, forming a 
highly complex molecule, the prototype of a saline body, in 
which not only the salt- radical and basyle have their representa- 
tive atoms of metal, but even the elements of constitutional 
water, and of water of crystallization. Numerous and most in- 
teresting inquiries are suggested by the possible existence of 
such a molecular structure of the metal. As salts differ from 
each othfcr in the number and disposition of these accompanying 
bodies, a sulphate of zinc in its water of crystallization, for in- 
stance, from a chloride of the same metal, so one metal may 
differ from ^another in the arrangement which it affects, or mlt 
it resernbles. The molecular arrangement in a metal may even 
change with its temperature ; such arrangements, and the 
changes they undergo, occasioning a variable inductive action of 
dissimilar metals in contact upon each other’s molecules, and 
giving rise, in particular, to thb phenomena of thermo-electri- 
city. 

But the facility with which the •polar condition of the mole- 
cules of a metal may bot reversed, wjth a changein the direction 
in the inductio7i affecting it, forbifls us to suppose that any par- 
ticular molecular arrangement of a metal is constant. The metal 
zinc may have one arrangement which it affects no 

foreign inffuence, (an arrangement, it may be, im^essed upon 
that inetal in its reduction from the ore, by the 
ci^ then at wqppk), b|it uhdw the influence of different exciting 
fluidisi it must asauni^ different aTrangem^nts, anabgou^^^ 
of the ffui4 ato^ %ie repreeent^ 

and at anotherl^^^ a sulphate# of reflecting 
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stitution of the exciting fluid, whatever that may be. To avoid 
complication, attention has hitherto been^confined to the action 
of the primary affinity of the exciting acid (that of its salt-radical) 
upon the zinc, but the* secondfiry affiiiitidl^^of the accessory 
constituents* of the exciting a<nd must*also be supposed to act 
upon the positive metal, although in a subsifliarv manner to the 
primary affinity. 

In the constitution of many compound bodies, a provision for 
the formation of new compounds is observed, siftiilar to what is 
now supposed to exist in the zinc. In4;he crystallized sulphate 
of zinc itself, there is a provision, in the single constitutional 
'atom of water of that salt, for the formation, by replacement, of 
the double sulphate of zinc and potash, and in the water of cry- 
stallization of the same salt, provision for 'the formation of 
various subsalts containing excess of oxide of zinc or ammonia, 
by similar replacements. The assumed molecular structure of 
the metal, thus leads to a farthe/ development of the extending 
law of substitution. 

The peculiarities of iron, by which it is enabled to resist amal- 
gamation, to assume magnetism, to exhibit an indifference to 
nitric acid in certain circumstances, mus§ depend fipon the 
molecular structure of that metal, and are subjects which the 
chemist approaches with advantage wlien unf^jttered by ^he 
electrical hypothesis. 

GENERAL SUMMARY. 

1. No chemical affinity has been observed to act inductively, 
but that kind which has been described as operating in the 
voltaic circle. The affinity between two salts, the affinity of one 
metal for another, of pne metal for a free non-metallic element, 
&c., appear to be incMpable 6f acting in this way ; or it may be 
that we have not the mecmijf of observing the inductive mode of 
action of these affinities. The action of the circles u^ich have 
been formed of organic matters, such as slices of brain and beet- 
root> or the combinations of acid, alkali, and salts, employed by 
Becquerel, are too^ minute and obscure, to interfere with this 
general conclusion. That arrangement also of pairs of thin 
discs of positive and negative metals,* with paper between each 
pair, which is known* as the dry pile^ acts only, it is admitted, 
when daiinp, and therefor© when oxidation of the positive metal 
may occur. 
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2. The exciting compound or zincolyte must have a polar 
molecule, which reqiures it to consist of single zincous and 
chlorous atoms. • 

3. The molecqWs of the zincolyte must also have mobility 
and be able to assume a polar arrangement, or placd* themselves 
with their unlike dhd attractive poles together, so as to form 
a polar chain. This necessitates fluidity of the zincolyte 
(Faraday). 

4. Of the Metallic portions of the circle, the molecule is 
indifferently polarizable, <:hat is, either side of it indifferently 

'Inay become chloio-polar or zinco-polar, according to the direc- 
tion of the induction affecting it. Hence these portions of the 
circle need not be fluid like the zincolytes. 

6. In a closed voltaic circle, a certain number of lines or 
chains of polarized molecules is established, each chain being 
continuous round the circle. Hence the polar condition of the 
circle must be every where the same. The same number of 
particles of exciting fluid are simultaneously polar upon the 
surface of every zinc plate in the active cells, and also upon the 
surface of the zincoid in the cell of decomposition, and the 
consequeht chemical change, or decomposition occurring, is of 
the same amount in the same time in all the cells. Such 
equality in condition and results is essential to d^rotal induction, 
such as exis)fs in the voltaic circle. 

The number bf polar chains that can be established at the 
same time in a particular <voltidc arrangement, is obviously af- 
fected by several circumstances : 

(1) By the size of the zinc plate ; the number of particles of 
zinc that may be simultaneously acted upon by the exciting 
fluid, being directly proportional to the extent of metallic sur- 
&ce exposed. 

(2) By the nature and accidental state of the exdting liquid, 
some zincolytes being more easily ’’acted on by the positive me- 
tal than others ^ while t\ie state of dilution, temperature, and 
other circumstances may affect the facility of Recomposition of 
any particular zincolyte. 

(3) The adhesion of the gas bubbles of hydrogen to the 
cc^per plate, at which they are evolved, interferes much with 
the action of a battery. By taking up the* hydrogen, by means 
of a solution of sulphate of copper in contact with the copper 
plate, Mr. Daniell increased the amount of drctdating force six 
times. ^ 
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(4) The chemical action in a cell is also diminished by 
increasing the distance from eaclw other hi the exciting fluid of 
the positive and negative metals*. 

(5) The lines of chemteo-polaf molecules m^the exciting fluid 
shmdd be repulsive of each other, like? lines of magneto-polar 
elements, as illustrated in tlie mutual- repuliion and divergence 
of the threads of steel filings which attach themselves to the 
pole of a magnet (Fig. 9.) That the lines of induction do diverge 
greatly in the acid, starting from the zinc as a centre, is placed 
beyond doubt by many experiments of Mr. DanielL A small 
ball of zinc suspended in a hollow copper globe filled with acid, 
is the arrangement in which this divergence is least restrained, 
and was found to be the most effective form of the vol1;pic circle. 
When the copper too, is a flat plate, and wholly immersed in 
the acid, the back is found to act as a negative surface, as well 
as the face directly exposed to the zinc, showing that the lines 
of induction in the acid expand And open out from each other, 
some bending round the edge of the copper plate and terminating 
their action, after a second flexure, on its opposite side. To 
collect these diverging lines, the surface of the copper may be 
increased with advantage to at least four •times- that of the 
zinc. 

(fl) The polar chains of molecules, in the connecting wires and 
other metallic portions of the circle, must be equal^ repulsive 
of each other. Hence the small size of the negative pktes in 
the active cells, and of the platinum plat^ in the cell of decom- 
position, and the thinness of the connecting wires,' are among 
the circumstances which diminish the number of polar lines 
that can be established, and impair the general eflSciency of a 
battery. 

6. The effect of multiplyifig the active cells in a battery is 

not to increase the number pf polar chains, or quantity oi in- 
duced particles, but to increase the of the induction in 

each chain s although this increase in ^intensity generally aug- 
ments the quantify al80> in an indirect manner, by overcoming 
more or less completely such obstacles to induction as have 
been enumerated. 

7. The intensity of the induction, also, is much greater with 
some zincolytes than ^others. Thus a single pair of zinc and 
platinum plates excited by dilute sulphuric acid, decompose 
iodide of potai^ium, proto-chloride of tin and fused chloride of 
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silver, but not fused nitre, chloride or iodide of lead or solution 
of sulphate of soda. * With the addition, however, of a little 
nitric acid to the sulphuric, the* same single circle decomposes 
all these bodies, arfd even watey itself. * The evolution of hydro- 
gen gas on the negative ‘metal is kt the same time suppressed by 
the nitric acid, wBfich exerts a secondary action on that ele- 
ment. * 

8. The division of the connecting wire, and the separation 
of its extremitifes to the most minute distance from each other, 
is sufficient to stop a!l induction and the propagation of 
the polar condition. In the most powerful voltaic battery 
ever arranged, that which Mr. Daniell lately operated with; 
consisting of seventy of his large cells, no induction was 
observed to pass* when the terminal wires were separated, not 
more than the one thousandth of an inch, even with the flame 
of a spirit-lamp or rarified air between them. Absolute contact 
of the wires was necessary <o establish the circulation. But 
after contact was made, and the wires were heated to whiteness, 
they might be separated to a small distance without the 
induction being interrupted ; the space between them was 
then filled v\ith aw arch of dazzling light, containing detached 
particles of the wire in a state of intense ignition, which 
were found Jto proceed from the zincoid to the chloroid, 
the former losing matter, and the other acquiring it. So 
highly fixed 4 substance as platinum is carried from pole to 
pole in this manner Ivjt the transference of matter is most 
remarkable' between charcoal poles, which may be separated 
to the greatest distance, and afford the largest and most bril- 
liant arch of flame. A similaf, although it may be an ex- 
cessively minute detachment of matter, is found to accom- 
pany the electric spark in all cirtiumstances. Hence, the elec- 
tric spark always contains matter, 

9. A^hen terminal wires of 'a voltaic circle are grasped in 
the hands, the circuit may be completed by the fluids of the 
body, provided the battery contains w considerable number 
of cells and the induction is of high intensity ; the nervous 
system is then affected, the sensation of the electric shock being 
experienced. 

10. The conducting wire becomes heated precisely in pro- 
portion to the number of polar chains established in it/ and 
consequently in proportion to the size of the sdne plate ; and 
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this to the same degree from the induction of a single cell, 
as from any number of similar cills. Wires of difFereni metals 
are unequally heated, according to the resistance ^liicli they 
offer to induction. The following numberg express the lieat 
evolved byibhe same circulati6n in diftfcrent metals, as observed 
by Mr. Snow Harris. 


Ucut evolved. Ilesibtancc. 


Silver 

. 6 

• . i 

Copper 

. 6 

1 

Gold 

. 9 • 

14 

Zinc 

. 18 

3 

Platinum 

. 30 . 

5 

Iron 

. 30 

5* 

Tin 

. 36 

6 

Lead 

. 72 

12 

Brass 

. 10 

. 3 


The conducting powers of the metals are ^inversely as these 
numbers 5 silver being a better conductor than platinum in 
the proportion of 5 to 1 . The conducting power of all of them 
is found to be diminished by heat.. 

11. As a portion of the voltaic circle, the conducting wire 
acquires extraordinary powers of another kind, ^which can only 
be very shortly stated here, belonging as they prpperJy do to 
physics. 

(1) Another wire placed near, andpjtrallel to the conducting 
wire has the polar condition of its molecules disturbed, and an 
induction propagated through it in an opposite direction to 
that in the conducting wire. ' 

(2) If the conducting wire be twisted in the manner of a 
cork-screw so as to form a hollow spiral or helix, it will be 
found in that form to represent a magnet, one end of the helix 
being a north, and the other a soutl^ pole ; and, if moveable, 
will arrange itself in the magnetic meridian, under the influence 
of the earth’s lyagnetism. Its poles are attracted by the unlike 
poles of an ordinary magnet, and it imparts magnetism to 
soft iron or steel by induction. Two such helices attract and 
repel each other by their different* poles, like two magnets. 
Indeed an ordinary magnet may be vieweel as a body liaviiig 
a helical chain of its molecules in a state of permanent che- 
mico-polarity. 
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(3) If a bar of soft iron bent into the form of a horse shoe, 
with a copper wire twisted spirally round it, be applied like 
a lifter to . the poles of a permanent magnet, in fhe instant 
of the iron becoming a magnet by induction, the molecules 
of the spiral wire 'become chemieo-polar, and wheiii contact is 
broken with the jpoxmment magnet, and the soft iron ceases 
to be a magnet, the wire ^ exhibits a polarity the reverse of 
the former. By a proper arrangement, electric sparks and 
shocks may bee obtained from the wire, while the soft iron 
r included within it is beiqg made and unmade a magnet. The 
•?nagneto-electric ipachine, is a contrivance for this purpose, and 
is now coming to supersede the old electric machine, as a 
source of what is termed electricity of tension. Magnetic and 
electric efiects are .thus reciprocally produced from each other. 

^ (4) When the pole of a magnetic needle is placed near the 

conducting wire, the former neither approaches nor recedes 
from the latter, but exhibits a disposition to revolve round it. 
The extraordinary |ind behutiful phenomena of electrical rota- 
tion are exhibited in an endless variety of contrivances and 
experiments. As the magnetic needle is generally supported 
upon a pivots it is ^ free to move only in a horizontal plane, 
and consequently when the conducting wire is held over or 
under it (the needle being supposed in the magnetic meridian), 
the poles in beginning to describe circles in opposite directions 
round the v?ire,» proceed to move to the right and left of it, 
and thus deviate from t^je true meridian. The amount of 
deviation in degrees is proportional to the quantity of cir- 
culating induction; and may be taken to represent it, as is 
done in a useful instrument, tbd* galvanometer, to be after- 
wards described. It was in the form of these deflections, 
that the phenomena exhibited by a^^magnet, under the influence 
of a conducting wire, first presented themselves to Oersted 
in 1819. ‘ ' 


Fig. 22 . 


12. Tnermo-electrical phenomena are pro-* 
duced from the effect of unequal temperature 
upon metals in contact. If heat be applied to 
the point c, (Fig. 22.) at which two bars of 
bismuth and antimony b and a are soldered 
together, on connecting ‘the free extremities 
by a wire, the whole is found to form a weak 
voltaic cirde, with the induction from b 
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through the wire to «. Hence in this thermopolar arrangement 
the bismuth is the negative metal^ and may be compared to the 
copper in the voltaic cell. If cold instead of heat be applied to 
c, a current also is established, but in an opposite direction to 
the former.® Similar circuits •may be.forme4 of other metals, 
which may be arranged in the following ord^r, the most power- 
ful combination being formed of those metals wiich are most 
distant from each other in the following enumeration ; bismuth, 
platinum, lead, tin, copper or silver, zinc, iron, antimony. 
When heated together, the current pjoceeds through the wire 
from those which stand first to the last. Aqpording to Nobili, 
. similar circuits may be formed with substances of which the 
conducting power is lower than that of tJie metals. 

Several pairs of bismuth and antimony bars may be asso- 
ciated as in Fig. 23, and the extreme bars being connected 
Fig. 23. by a wire, form an arrangement re- 

sembling a compound voltaic circle. 
Upon hea^g thp upper junctions, 
and keeping the lower ones cool, or 
on heating the lower ones and keep- 
ing the others cpol, induction is 
established in • the wire, more in- 
tense than ill tlie single pair of metals, but? still very weak. 
The conducting wire strongly affects a needld^, causing a de- 
flection proportional to the inequality of temperatfere between 
the ends of the bars. Melloni’s thejmo-multiplier is a delicate 
instrument of this kind, which is even more • sensitive to 
changes of temperature than the air thermometer, and has af- 
forded great assistance in exploring the phenomena of radiant 
heat (page 32). 

In^uch a compound bar, also, unequal temperature may be 
produced, by making it the connecting wire of a single and 
weak voltaic circle ; whereupon the metals become cold at their 
junction, if the induction is from the bismuth to the antimony, 
and hot at the same point if the induction is in the opposite 
direction. Th&e are the converse of the preceding phenomena, 
in which electrical effects were produced by inequality of tem- 
perature. • 

IS. The friction ef different bodies is another source of 
electrical phenomena. One, at least, of the bodies rubbed 
together must not be a conductor, and in general, two non- 
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conductors are used. When a silk handkerchief or a piece 
of resin is rubbed upon glass, iioth are found, after separation, 
in a polar condition, and continiife in it. The rubbing surface 
of the glass is zineo-polar, and that of the resin or silk is 
chloro-polar, and ^ molecular polarization is at the^ same time 
established through the whole mass of both the glass and 
resin, reaching to their opposite surfaces, which exhibit the 
other polarity. The powers thus appearing on the two rubbing 
surfaces, being manifestly different, were distinguished by the 
names of the bodies on lyhich they are developed, that upon 
the glass as mtreo^is electricity (zincous affinity), and that upon 
the resin as resinous electricity (chlorous affinity). 

In comparing the chemico-polarity excited by friction with 
that of the voltaic ‘circle, we observe that the former is of high 
intensity but small in quantity, or affecting only a small number 
of trains of molecules. If both the excited vitreous and 
resinous surfaces have a conducting metal, such as a sheet of 
tin-foil applied to them, and each sheet have a wire proceeding 
from it, the wires and tin-foil are polarized similarly to the 
glass and the resin which they cover, and a zincolyte placed 
between cthe.. ^xtreifiities of the wires, wliich are respectively 
a zincoid and chloroid, is polarized also, and decomposed. But 
the amount of decomposition, which is a true measure of the 
quantity of induced particles, is extremely minute compared 
with the amoum of induction in the voltaic circle. Thus, Mr.. 
Faraday has calculated that the decomposition of one grain of 
water by zinc in the active cell of the voltaic circle, produces as 
great an amount of polarization and decomposition in the cell 
of decomposition, as 950,000 charges of a large Leyden battery, 
an enormous quantity of power^ equal to a most destructive 
thunder storm. The polarizatioif from friction is therefore 
singularly intense, althojigh remarkably deficient in quantity, 
or in the number of molecules affebted. 

The kinds of matter susceptible of this intense polarisation 
are so many, and so various, such as glass, minerals, wood, 
resins, sulphur, oils, air, &c., as to make it difficult to sup- 
pose that the polar molecule is of the same chemi^Al consti- 
tution in all of them, as it is in the zincolytes of the voltaic 
circle. Indeedit must be admitted that'*aB matter whatever 
may be forced into a polar condition, by a most intense in- 
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duction. Under such influence, too, the molecule appears to 
be indifferently polar. 

Electrical induction at a distance, Mr. Faraday has shewn 
to be always an action -of contiguous particks, chains of par- 
ticles of ai% or some other “•dielectric,*' exrending between the 
excited body which is inducing, and the induced body. . His 
investigation of this subject led to tlie remarfiable discovery 
that the intensity of electric induction at a constant distance 
from the inducing body, is not always the t&ame, but varies 
in different me4iaj the induction thro^igh a certain thickness of* 
shell-lac, for instance, being twice as great as through the same* 
thickness of air. Numbers may be attached to different bodies 
which express their relative inductivd capacities:— 

Specific inductive capacity of air . . 1 

„ „ glass * . .1 *7fi 

„ „ * shell- lac . . 2 

„ „ sulphur . . 2.24 

The inductive capacity of all gases is the same as that of air, 
and this property, it is remarkable, does no1f*^ltet in these 
bodies with variations in their density. 

VOLTAIC INSTRUMENTS. 

Voltaic battery . — The working fcwn^s of the battery are too 
numerous to be individually noticed. That form' only need be 
particularly described wdiich^is the most nearly perfect, and which 
in experiments of research is* likely to supersede all others, — the 
constant battery of i\j[r. Daniell. A cell of tliis battery consists 
of a cylinder of copper S} ihches in diameter, which experience 
has proved to the invenjtor to affoid the most advantageous 
distance between the meCallic surfaces, but whiclj may vary 
in height from 6 to 20 inches, according to the power which it 
is wished to obtain. A membranous bag formed of the gullet 
of an ox, is hung in the centre by a collar and circular copper 
plate, resting upon a rim within and near the top of the 
cylinder; and in this is suspended* by a wooden cross bar, a 
cylindrical rod of ahialgamated zinc' half an inch in diameter. 
The outer cell is charged with a mixture of 8 measures or 
water and one of oU of vitriol, which has been saturated with 
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sulphate of copper, and portions of the solid salt are placed 
upon the circular copper plqfte, ^ which is perforated like a 
colander, for the purpose of keeping the solution always in a 
state of saturation. -The internal tube is filled with the same 
acid mixture without the salt of copper. A tube? of porous 
earthenware, shut ai the bottom, may be substituted for the 
membrane with great convenience, but Mr. Daniell believes with 
some little loss of power. A section of the upper part of one 
of these cells is here represented, a be dis (Fig. 24) the external 
copper cylinder ; ^ f g hi the internal 
cylinder of earthenware, and I m the rod 
of amalgamated zinc. Upon a ledge c rf, 
within an inch or two of the top of the 
cylinder, reste the cylindrical colander i 
which contains the copper salt, and both 
. the sides and bottom of which are perfo- 
rated with? holes. A number of such cells 
may be connected into a compound cir- 
^ cuit, with wires soldered to the copper 
cylinders, and fastened to the zinc by 
^xlamps and screws as shewn below. 
Fig. 25. (Danieirs Introdi|ction to Che* 

" mical Philosophy, page 440.) 
jr, 25. instrument 

the sulphate of zinc, 
formed by the solu- 
tion of the zinc rod, 
is retained in the 
^ ^ membranous bag or 
^stoneware cylinder, 
and prevented from 
diflFusing^ to the cop- 
per surface ; while 
the hydrogen, ip- 
stead of being evolv- 
ed as gas on &e sur- 
face of the latter metal, decomposes the oxide of copper of 
the salt there, and occasiohs a deposition of metallic copper 
on the copper plate. Such a circle will not vary in its 
action for hours together, which makes it invaluable in 
the investigation of voltaic laws. It owes its superiority prin- 
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cipally to three circumstances: — to the^ amalgamation of the 
zinc, which prevents the waste^o^that metal by solution when 
the circuit is not completed; to the non-occurrence of the 
precipitation of asinc upon the^ copper surface/ and to the com- 
plete absorption of the hydrogen at *the ^bpper surface, the 
adhesion of globules of gas to the metallic plates greatly di- 
minishing, and introducing much irregularity into the action 
of a circle. 

Bird's battery and decomposing cell . — To M. Becquerel we 
are particularly indebted for the investigation of the decom- 
posing powers of feeble currents, sustained for a long time, the 
‘results of which are of extreme interest, '^oth from the naturu of 
the substances that can be thus decomposed, and from the form 
in which the elements of the body decomposed are presented, 
the slow formation of these bodies permitting their deposition in 
regular crystals.* Dr. Golding^ Bird has 'also added to the- 
number of bodies decomposed by such means, and contrived a 
simple form of the battery, which with BecquerePs decomposing 
cell, renders such decompositions certain and easy, and forms 
indeed the voltaic instrument, perhaps above all others, the 
most directly useful to the chemist,t TKfe decomposing cell 
FiO. 2(). consists of a» glass cylinder o, 

(Pig. 26) within# another glass 
cylinder b. The inner cylin- 
der a is 4 inches long and li 
inch^n*diameter, and is closed 
at the lower end by a plug of 
piaster of J’aris 0.7 inch in 
thickness : this cylinder is fixed 
by ^ of cork 

within the other, which is a 
plain jkr, about 8 inches deep 
by 2 inches in diameter. A piece^ shaet copper 4 inches 
long and 3 inches wide, having a copper Conducting wire sol- 
dered to it, is loosely coiled up and placed in the inner cylin- 
der with the piaster bottom a piece of sheet zinc of equal 
size, is also loosely coiled, and placed in the outer cylinder; 
this zinc likewise beii\g i^mished with a conducting wire. The 

• TraiU &p4rimeDtal de rElecfkieitd et du Mi^dtiame, p«r M. Becquerel. 

t PUl. Tnuii.lil33^, p, ay. 
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outer cylinder is then nearly filled with a weak solution of com- 
mon salt, and the inner with £ saturated solution of sulphate of 
copper. The two fluids are prevented from mixing by the 
plaster diaphragn\^ and care being talceii that they are at the 
same level in both the cylinders, the circle wilr afford, on 
joining the wi^s, a bontinuous current for weeks, the chloride of 
sodium and the sulphate of copper being very slowly decom- 
posed. After it has been in action for some weeks, chloride of 
zinc is found in the outer cylinder : and beautiful crystals of 
metallic copper, frequently mixed with the ruby suboxide 
(closely resemblifig the native copper ruby ore), with large 
crystals of sulphate of soda, are found adhering to the copper 
plate in the smaller cylinder, especially on that part where it 
touches the plaster diaphragm. 

The decomposing cell is the counterpart of the battery itself, 
consisting like it, of two glass cylinders, one within the other, 
the smaller one c having a bottom of plaster of Paris fixed into 
it : this smaller tube may be about i inch wide and 3 inches in 
length, and is intended to hold the metallic or other solution to 
be decomposed, the external tube rf, in which the other is im- 
mersed being Med ^ with a weak solution of common salt. In 
the latter solution, a slip of amalgamated zinc-plate z', soldered 
to the wire conning from the copper plate c of the battery, is im- 
mersed ; an(? a slip of platinum foil ply connected with the wire 
from the zinc plate z of the battery, is immersed in the liquor of 
the smaller tube, being* hbld in its place by a cork, through 
which its wire passes. The whole arrangement is now obvious- 
ly a pair of active cells, of whiclj, c z' is one metallic element, 
and z pi the other; and the fluid between z and c divided by the 
porous plaster diaphragm, one fluid element, and the fluid 
between z- and ply divided by a porous plaster diaphragm, 
another 4uid element ; aithough it will be convenient to speak 
of the last as the cell ^f decomposition. With a solution of 
chlorides or nitrates of iron, copper, tin, zinc, bismuth, anti- 
mony, lead or silver, in the smaller tube, Df . Bird finds the 
metsds to be reduced upon the surface of the, platinum, generally 
but not invariably in possession of a perfect metallic lustre, 
always more or less crystalline and often very beautifully so. 
The crystals of copper rival in hardness and malleability, the 
finest specimens of native copper, a^d those of silver, which ^re 
needles, are white and very brilliant. The solution of fluoride 
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of silicon in alcohol being introduced into the small tube by 
Dr, Bird, a deposition of silicon Vipon tKe platinum was found 
to take place in 24 hours, which was nearly black and granular 
and is described as exhibiting a.tendency to ^ crj^stalline form. 
From an aqlleous solution of the same* fluo^de, a deposition of 
gelatinous silica was observed to take place aroui^ the reduced 
silicon, mixed with which, or precipitated in a zone on the sides 
of the tube, especially if of small diameter, frequently appear 
minute crystalline grains of silica or quartz, of sufficient hard- 
ness to scratch glass, and appearing titenslucent under the mir 
croscope. With a modification of the decomposing cell described, 
*Dr. Bird succeeded in decomposing a solution of chloride oi 
potassium, and obtained an amalgam of potassium. The inner 
tube Cj was replaced by a small glass funnel, {he lower opening 
of which was stopt with stucco, and which thus closed retained 
a weak solution of the alkaline chloride pouVed into it. Every 
thing external to this funnel remaining as usual, mercury con- 
tained in a short glass tube, like a thimble, was placed in the 
funnel, and covered by the liquid, and instead of the platinum 
plate, a platinum wire coiled into a spiral at the extremity, was 
plunged into the mercury, the other end of ttiiMPIfe being con- 
nected with the zinc plate r, of the battery, ^he circuit having 
been thus completed, the mercury had swollen^ in eight or ten 
hours to double its former bulk, and when afterwards thrown 
into distilled water, evolved hydrogen and produced an alkaline 
solution. A solution of hydrochloraJfe ^of ammonia being sub- 
stituted for that of chloride of potassium, in this experiment, 
the metal swells to 5 or 6 tim^ its bulk in a feiy hours, and the 
semifluid amalgam of ammonium is formed. These feeble cur- 
rents thus eftect deepmpositions, in the lapse of time, whict 
batteries of the ordinary form* and considerable magnitude, may 
effect very imperfectly, or fail entirely in produdilng. . 

Fblta-meter.^The decomposing ^qwer of a battery is re- 
presented by the quantity of oxygen and hydrogen gases evolved 
in a cell of (jpeomposition containing dilute sulphuric acid 
The volta-meter isjjimply a cell so cbaiged, and of a propei 
form to allow of the gases evolved being collected and mea- 
sured. One of the simplest forms; is’ that constructed for me 
by Mr. Ypung. It is* a wout eight ounce phial (Fig. 27)? through 
% coik of which are passed^ mth flat plates 
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of platinum attached to them within the bottle, which become 
Pig. 27« the terminal plates of the battery when 

^ its wires are thyust into the cavities of 
m m \ two snmll hollow brass cylinders at- 

l J U i tached externally to the platinum wires 

f ’ \\ of the apparatus. The gases escape by 
H Jr \\ a bent glass tube fitted into the cork of 

^ y ^ \\ the bottle, and may be collected in a 

\\ graduated jar at a small pneumatic 
W tV'ough. In this instrument steel plates 
§ W substituted for the platinum, 

\\ ^ provided a solution of carbonate of 
\\ potash be used instead of dilute sul- 
W phuric acid. 

' ^ Galvanometer . — The sensibility of 

'the magnetic needle to the influence of the conducting wire of a 
voltaic circle brought near it, has been applied to the construc- 
tion of an instrument which will indicate the feeblest polariza- 
tion or slightest current in the connecting wire. It consists of 
a pair offnagnetic needles (Fig. 28,) fixed on one axis with their 
Pig/ 28. attracting poles opposite 

< ®*^ch other, so as to leave 

\ them little or no direc- 

tive power and render 
them astatic, which is 
delicately suspended by a 
single fibre of unspun 
' silk. The lower needle is 
enclosed within a circle 

— ; — r fortned by a hank of co- 

^ veredwire, of which the 

el ^xtremites a and b termi- 

— nate in little cups con- 
taining mercury. When the terminal wires of a battery are 
introduced into the same cups, the hank of ^vire of the gal- 
vanometer becomes part of the connecting wire, and the needle 


is deflected. The inductions proceeding in one direction above 
the needle and returning in the opposite direction below 
needle^ conspire to produce the same deflection ; and the 
upper needle having its poles reversed, is deflected in the same 
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direction, by the wire below it, ^as the Jower needle is by the 
wire above it. Every turn of Jbhe wire also, repeats the influ- 
ence upon the needle, jso that the deflection is increased in 
proportion to the number of turns 9r coi^ in the hank of 
wire. 



PART II 


CHAPTER I. 

N O N-M EfT A L L I C ELEMENTS. 

SECTION I. 

OXYGEN. 

Equivalent 100,. or 8 on hydrogen scale ; symbol O ; density 
1102.6 {air = 1000) ; cotnbitdng measure Q {one volume) 

The following thirteen of the fifty-five elementary bodies 
known are included in the class of non-metallic elements - 
oxygen,^ hydrogen, nitrogen, carbon, boron, silicon, sulphur, 
selenium, ^ospEbrus, chlorine, bromine, iodine, and fluorine. 
Of these, oxygen, from certain relations which it bears to all 
the others, aK.d from its general importance, demands our first 
attention.^ 

The name oxygen is compounded of oIvq acid, and ytwaia I 
generate, and was giVen to the element of which I am about 
to treat by Lavoisier, with reference to its property of forming 
acids in uniting with other elementary bodies. Oxygen is a 
permanent gas, when uncombined, and forms one fifth part of 
the air of the atmosphere. a state of combination, this 
element is the most extensively diffused body in nature, enter- 
ing as at constituent info water, info nearly all the earths and 
rocks of which tiie crust of the globe is composed, and into 
all organic products with a very few exceptions. It was first 
recognised as a distinct substance by Dr. "Priestley in this 
country, in I774j and about a year afterwards by Scheele in 
Sweden, without any knowledge of Priestley^s experiments. 
From this discovery may be dated tl^^^ origin of true chemical 
theory. 

* To the class of metals an addition has rf^cently been made by the discovery of 
Lantane, which makes the 55th elementary |^!>dy. (An. de Ch. et de Ph. L 70, p. 222.) 
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Preparation, — Oxypn gas genq^ally disengaged from 
some compound containing it, .by the action of lieat. 

1®. It was first procured* by Priestley, Ijjy heating red preci- 
pitate (pen^xide of mercury,), Vhich js th^by resolved into 
fluid mercury and oxygen gas. To illustra^p the formation of 
oxygen in this way, 200 grains of red precipitate may be in- 
troduced into the body of a small retort a of hard or difficultly 

Fig. 29. 



fusible glass, and the retort united in an air-tight manner with 
a small globular flask by having two openin gs. ^ ^ otli (^losed by 
perforated corks, one of which admits the beak of the retort, 
and the other an exit tube c, of glass, bent* as in the figure. 
The extremity of the exit tube is introduced ii^to a graduated 
jar dy capable of holding 50 or .GO cubic inches,* anfl placed in 
an inverted position, full of water upon the shelf of a pneumatic 
water-trough. Heat is then applied to the retort, by means 
of an Argand spirit lamp, powerful enough to raise it to a red 
heat, and maintain it at that* .temperature for a considerable 
time. The first effect of the heat is to expand the air in the 
retort, bubbles of whidh issuQ from the tube c, and rise to the 
top of the jar d, displacing water ; but more gas follows, which 
is oxygen, and at the same time metallic mercury dbndenses 
in the neck of the retort and runs do^n into the intermediate 
flask b. When the red precipitate in the retort has entirely 
disappeared, the* lamp may be extinguished, and the retort 
allowed to cool completely. The end of the exit tube c being 
now above the level of the water in the jar, which is nearly full 
of gas, a portion of thalatter, equal in bulk to the air which first 
left the retort, will retu\ to it, from the contraction of the 
gas within the retort. T^b jar will be found in the end to 
contain 48 cubic inches of |i|s, which is therefore the measure 
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of oxygen produced in the exMriment, and the flask to contain 
184 grains of mercury. Now 48, cubic inches of oxygen weigh 
16 grains ; and a tn^e analysis of the rfd precipitate has been 
effected, of whicll^ the result is,* that 200 grains of that sub- 
stance consist of — \ 

« 

184 grains mercury. 

16 ,5 oxygen, (48 cubic inches.) 

200 

But oxygen gas is more generally derived from two other 
substances, oxide of manganese and chlorate of potash. 

2^. Whfen the ^as is required in large quantity, and exact 
purity is immaterial, the oxide of manganese is preferred from 
its cheapness. This is a black, heavy mineral found in De- 
^vonshire and other parts of England, and of which upwards 
of 40,000 tons arc consumed annually in the manufactures of 
the couj^cy. It is called an oxide of manganese, because it is 
a command of the metal manganese with oxygen. In expla- 
natioi^f what takes place when this substance is heated, it is 
i^ecessary to state^ that manganese is capable of uniting with 
oxyj^u in several proportions, namely one equivalent, or 346 
parts of manganese, with 100, and with 200 jiarts of oxygen, 
and two equiVf^lents of ipanganese with 300 oxygen. These 
compounds are : — 

Protoxide of manganese . . Mn -f O. 

Deutoxide .... 2Mn+30. 

Peroxide, or native black oxide . Mn + 20. 

Now the peroxide however strongly heated, never loses more 
than one third of its oxygen, being converted into a compound 
of the fifst two oxides, that is, fhree equivalents of peroxide 
(1638 parts) lose two equivalents of oxygen (200 parts), and 
leave a compound of one of deutoxide and one of protoxide ; 
a change which may be thus expressed 

3Mn 0,= I ^ Q 

One of the malleable iron bottles in /vhich mercury is imported, 
is readily converted into a retort, ij ^ which die black oxide may 
be heate<k by removing its scj^wed iron stopper, and re- 
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placing this by an iron pipe of three feet in length, one end 
of whicli has been cut to the scjew of ithe bottle. This pipe 
may be bent like a in the figure, if the bottle is to be heated 


Fjo. 30. 



in an open fire or in a furnace open at the^w?^ 3 to 9 

pounds of the oxide may be introduced as a charge, according 
to the quantity of gas to be prepared, each poi^nd of the best 
Exeter manganese yielding about 1400 cubic ^inches, or 5 .05 
gallons of gas. Upon the first application of heat, water comes 
off, as steam, mixed with a gas whjch extinguishes flame; 
this is owing to the impurity of the oxide. The products may 
be allowed to escape, till the point of a wood-match red without 
flame, applied to the orifice,** is not completely extinguished, 
but rekindled and njade to bum with brilliancy; the gas is 
then sufficiently pure, and nfeans must be taken for collecting 
it. A small flexible lead tube i, of sviy convenient length is 
adapted to the iron pipe, b^ means of a perforated* cork, by 
winch the gas is conveyed to a pneumatic trough, and collected 
in glass jars filled water, as in the former experiment; or, as 
this process affords considerable quantities of oxygen, the gas 
is more generally conducted into the inferior cylinder or drum 
of a copper gas holder c, full of* water. The water does 
not flow out by tlie\ecurved tube which forms the lower 
opening, but is retainedVin the vessel by the pressure of the 
atmosphere on the surwe of the water in that tube, as 
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water is retained in a bird's drinking glass. Bi;t when the lead 
tube is introduced into, the ga^-holder by this opening, water 
escapes by it, in proportion as gau is thrown into the cylinder, 
and rises in bubbjes, to the top. The. progress of filling the 
gas-holder may beYbserv/id by the glass gauge tube^^, which is 
open at both ends, \nd ^connected with the top and bottom of 
the cylinder, so that the water stands at the same height in the 
tube as in the cylinder. Convenient dimensions for the cylin- 
der itself are l(k inches in height by 12 in diameter; to fill 
r which a charge x)f three pounds of manganese may be used. 
' The gauge tube is^so apt to be broken, or to occasion leakage 
at its junctions with the cylinder, when the latter is large and 
unwieldy, that it is generally better to forego the advantage 
it offers, and dispense with this addition to the gas-holder. When 
^applied to a small gas-holder, the ends of the tube are conveniently 
^ adapted to the openings of the cylinder, by means of perforated 
corks, which are afterwards covered with melted sealing-wax. 

After the cylinder is filled, the lower opening by which the 
gas was admitted is closed by a good cork, or by a brass cap 
made to screw over it. The superior cylinder is an open water 
trough, cc'nnfiisi£d;. 5 vith the inferior cylinder by two tubes pro- 
vided with stopcocks, m and % one of which m is continued to 


the bottom of that vessel, and. conveys water from the su- 
perior cylinder,? while the other tube n, terminates at the top 
of the inferior cy linder, and affords a passage by which the gas 
can escape from it, when w^ter is allowed to descend by the other 
Ftg. 31. tube. The tube and perforation of the stopcock of m 
should be considerably wider than w. A jar a is filled 
U s V inverting dt full of water in the superior 

cylinder, over the opening of w, as exhibited in the 
i-i- J, fignre, and allowing the "gas to ascend from the infe- 

ffi rior cylinder. ^Gas may likewise be obtained by the 
Istopcock 7 (Figure 30) water being allowed to enter 
by m at the saihe time. 

Oxygen may likewise be disengaged from oxide of manga- 
nese in a flask or retort, *by means of sulphuric acid diluted 
with an equal bulk of water, but this is not a process to be 
recommended. When onfly a small quantity of oxygen is re- 
quired, it is better to have recours^to chlorate of potash, 
which has also the advantage of Aving a perfectly pure 


gas. 
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3®. A well cleansed Florence oil flask, the edges of the 
mouth of which have been heat'ftd and •turned over so as to 
form a lip, with a bent glass 'tube and perforated cork fitted 
to it, as in the figured, forms, a convenifti^ retort in which 
about half un ounce of chlorate of pcftash Aay be heated by 
means of the Argand spirit lamp. The salt melts, although it 
Fig. 32 . contains no water, and 

when nearly red hot, 
emits * abundance of 
4 oxygen gas. At one ' 
point of the decompo- 
sition, the effervescence 
* may becomewso violent 
as tfi burst the flask, 
especially if the exit# 
tube be narrow, unlesg 
the heat be moderated. 
The chlorate of potash 
parts with all the oxygen it possesses, which amounts to 37 
per cent, of its weight, and leaves a white hard salt, the chloride 
of potassium. From an atomic statement m* ^s!iie^cofliposition 
of this salt, one equivalent of it (1532 parts) will be observed 
to contain six equivalents of oxygen (600 parts), five in the 
chloric acid and one in the potash, the whole of^hiph come off, 
leaving an equivalent of chloride of potassium (032 parts) : — 

KO+C10.= {“;, 

Half an ounce of chlorate o/*potash should yield 270 cubic 
inches or nearly a gallon of pure oxygen gas. 

Properties , — Oxygen gas ii^ colourless, and destitute of odour 
and taste. It is heavier than air in thcb ratio of 1102.6 to 1000 
according to the weighings of*Dulong and Berzelius; 100 cubic 
inches of air being taken to weigh 3 i grains at the temperature 
of 600 and with the barometer at 30 inches, 100 cubic inches 
of oxygen gas wilh therefore weigh 34.18 grains. One cubic 
indi weighs 0.3418 or very nearly l-3iid of a grain. It has 
never been liquefied by cold or pressure. Oxygen is so 
sparingly soluble in watSr^ that when agitated in contact with 
that fltiid no perceptible S^minution of its volume takes place. 
But when water is previoi^y deprived of air by boiling, 100 
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cubic inches of it dissolve three and a half cubic inches of this 
gas. 

If a lighted wax taper attached to a copper wire be blown 
out, and dipped into a vessel pf oxygten gas, while the wick 
remains red hot, iV instantly rekiAdles with a slight explosion, 
and burns with great brilliancy. If soon withdrawn and blown 
out, it may l>e revived again in the same manner, and the 
experiment be repeated several times in the same gas. Lighted 
tinder burns with flame in oxygen, and red-hot charcoal with 
brilliant scintillations, burning sulphur introduced into this gas 
ill a little hemispherical cup of iron-plate with a wire attached 
to it, burns with an azure blue flame of considerable intensity. 
Phosphorus introduced into oxygen in the same manner, bums 
with a dazzling tight of the greatest splendour, particularly 
after the phosphorus boils and rises through the gas in vapour. 
Indeed all bodies which bum in air, burn with increased vi- 
vacity in oxygen gas. Even if on wire may be burned in this 
gas. For this purpose thin harpsichord wire should be coiled 
about a cylindrical rod into a spiral form. The rod being with- 
drawn, a piece of thread must be twisted about one end of the 
wire, and dippri^into melted sulphur; the other end of the 
wire is to be fixed / into a cork, so that the spiral may hang 
vertically. The sulphured end is then to be lighted, and the 
wire suspended in a jar of oxygen, open at the bottom, such as 
that represented in Fig. page 246, supported upon an earthenware 
plate. The wire is kinjlled by the sulphur, and burns with an 
intense white light, throwing out a number of sparks, or oc- 
casionally allowing a globule of fused oxide to fall; while the 
wire itself continues to fuse and burn till it is entirely con- 
sumed, or the oxygen is exhausted. Xhis experiment forms 
one of the most beautiful and •brilliant in chemistry. The 
globules of fused oxide nre of so elevated a temperature, that 
they remain red-hot for some timfe under the surface of water, 
and fuse deeply into the substance of the stoneware plate upon 
which they fall. . 

Oxygen gas is respirable, and indeed is constantly taken 
into the lungs frditn Ihe atmosphere in ordinary respiration. 
When a portion of dark fclood drawn from a vein is agitated 
with this gas, the colour becomes of ^ne vermilion red. The 
same change occurs in the bipod of l^^ng animals, during respi- 
ration, from the absorption pf ox^en gas, which is believed 
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to maintain the animal heat in part A small animal, also, such 
as a mouse or bird, lives four or ^ive times longer in a vessel of 
oxygen than it will in an equabbulk of air. But the continued 
respiration of this gas m a state of purity is mjurious to animal 
life. A ral j>it is found to breathe it without/inconvenieiice for 
some time, but after an interval of an hom/or more, the circu- 
lation and respiration are much quickened ; afid a state of 
great excitement of the general system supervenes ; this is by 
and by followed by debility, and death occurs •in from six to 
ten hours. The blood is found to be jiighly florid in the veins , 
as well as the arteries, and the heart, accordiag to Broughton, 
continues to act strongly after the breathing has ceased. 

Oxygen may be made to unite with •all the other elements 
except fluorine, and forms oxides, while the process of uniting 
with oxygen is termed oxidation. With the same element^ 
oxygen often unites in several proportions, forming a series of 
oxides, which are then distinguished from each other by tlie 
different prefixes enumerated under chemical nomenclature 
(page 98.) Many of its compounds are^ acids, particularly 
those which contain more than one equivalent of oxygen to 
one of the other element, and compounds^ nature are 

those which it most readily forms with the non-metallic ele- 
ments, such as carbonic acid with carbon, sulphurous acid with 
sulphur, phosphoric acid with phosphorus. Biit oxygen unites 
in preference with single equivalents of a large proportion of 
the metallic class of elements, and forms bodies which are 
alkaline or have the character of bases, such as potash, lime, 
magnesia, protoxide of iron, &c. A certain number of its 
compounds are neither acid’-nor alkaline, and are therefore 
called wcw/raZbodies,^ such as the oxide of hydrogen or water, 
carbonic oxide, and nitrous oxide. The greater number of 
these neutral oxides are alsp protoxidej. 

It has already been stated that in a classification of the 
elements oxygen does hot stahd alone* but forms one of a small 
natural family along with sulphur, selenium and tellurium 
(page 142.) Tliese elements also form acid, basic and neutral 
classes of compounds, with the same J;)odies as oxygen does, 
of which the sulphur compounds ard well known, and always 
exhibit a well-markfecA analogy to the corresponding oxides. 
Oxygen acids unite withlMygen bases, and form neutral salts, 
so do sulphur acids :w)^h sulphur bases, selenium acids 
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with selenium bases, and tellurium acids with tellurium 
bases. 

The combinations of oxygen, like those of all other bodies, 
are attended with- the evolution of heatj^ This result, which is 
often overlooked other combinations, in which i»the propor- 
tions of the bodies uniting and the properties of their com- 
pounds receivfe most attention, assumes an unusual degree of 
importance in the combinations of oxygen. The economical 
applications of «the light and heat evolved in these combina- 
tions are of the highest consequence and value, and oxi- 
dation alone of ajl chemical actions is practised, hot for the 
value of the products it affords, and indeed without refe- 
rence to them, but for the sake of the incidental pheno- 
mena attending it. Of the chemical combinations too, which 
^we habitually witness, those of oxygen are infinitely the 
^most frequent, which arises from its constant presence and in- 
terference, as a constituent of* the atmosphere. Hence, when 
a body combines with oxygen it is said to be burned; and 
instead of undergoing oxidation, it is said to suffer combustion ; 
and a body which can combine with oxygen and emit heat is 
termed a Oxygen, in which the body burns, is 

then said to support combustion, and called a supporter of 
combustion. * 

The heat evdPved in combustion is definite, and can be mea- 
sured. With this view, it is employed to melt ice, to raise the 
temperature of water from 32° to 212<>, or to convert water 
into steam, and its quantity estimated by the ^xtent to which 
it produces these effects. The heat from the oxidation of a 
combustible body is thus found id be as constant as any other 
of its properties. Despretz obtained, by such experiments^ 
the results contained in the following table 


HEAT FROM COMBUSTION. 


1 pound of pure charcoal 

„ „ charcoal from wood . . , . 

„ t, baked wood . . . . 

„ „ wood containing 20 per cent, of water 

„ „ bituminous coal .... 

ff txirf ... ... 

„ „ alcohol . . . • . . - 

„ „ olive oil, wax, &c. . . . . 

„ „ ether ....... 

„ „ hydrogen 


heats from S2» to 212», 78 lbs. of water. 

M f» »f *» *» 

.»» *» ff If If 

»» If ff ,, ,f 

II C II l» II 

ii - fi II 25 to 30 f, ,, 

II II If 67.5 tf If 

If ff If 00 to 06 „ „ 

S* If 80 „ ,, 

i/ II If 236.4 „ ,, 


The quantity of heat evolved apjy^ars to be connected with 
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the proportion of oxygen consumed, for the greater the weight 
of oxygen with which a pound oi^ any cc^mbustible unites, the 
more heat is produced. ITie* following results indicate that 
the heat depends exclusively upon the oxygen consumed, four 
different cor^^bustibles in consmning a pound pf oxygen afford- 
ing nearly the same quantity of heat : — / 

HEAT FROM COMBUSTION. 

• 

I pound of oxygen with hydrogen heats from 32*’ to 212'’» Ibg, of water. 
i» ,1 with charcoal - „ ^ 2D „ „ 

„ t$ with alcohol „ „ », 28' „ „ 

M II with ether i, » 28^ * „ „ 

The quantity of combustible consumed* in these experiments 
varied considerably, but the oxygen being the same* the heat 
evolved was nearly the same also. But when the same quan- 
tity of oxygen converted phosphorus intQ phosphoric acid, 
exactly twice as much heat was evolved, according to Despretz^ 
as in the former experiments. It is doubtful whether these 
observations will lead to any general conclusions; but it is 
certain that the coincidences which they exhibit merit atten- 
tion. The superior vivacity of the combustrog qf tjiese and 
other bodies in pure oxygen, compared with air, depends en- 
tirely upon the increased rapidity of the process, and the larger 
quantity of combustible oxidated in a given trine. A candle 
bums with more light and heat in oxygen than in* air, but it 
consumes proportionally faster. 

Oxidation is often a very slow proces3 and imperceptible in 
its progress, as in the rusting of iron and tarnishing of lead 
exposed to the atmosphere. The heat being then evolved in 
a very gradual manner is dissipated and never accumulates. 
But when the oxide Vormed is the same, the nature of the 
change effected is no way altered by its slowness. Iron oxi- 
dates rapidly when introduced in a state of ignition intb oxygen 
gas, and lead, in the form of the lead ^yrophorus, which con- 
tains that metal in a state of high division, takes fire sponta- 
neously and burns in the air, circumstances then favouring the 
rapid progress of oxidation. 

Oxidation may also go on with a decree of rapidity sufficient 
to occasion a sensible •e^riution of heat, but without flame and 
open combustion. The ahJi^ption of oxygen by spirituous liquors 
in becoming acetic acid, by many other organic substances. 
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is always attended with the production of heat. The. smoul- 
dering combustion of iron-^nyrites and some other metallic 
ores in the atmosphere, is a phenomenon of the same nature. 
Most bodies whidi Jburn with flame, also admit of being oxi- 
dated at a temperature short of^redness, and exhibit the phe- 
nomenon of low cX^ibustion. Thbs, tallow thrown upon an iron 
plate not visibly red-hot, melts and undergoes oxidation, dif- 
fusing a pale lambent flame only visible in the dark (Dr. C. J. 
B. Williams). ^If the tallow be heated in a little cup with a 
wire attached, till it boils and catches fire, and the flame then 
be blown out, tlv? hot tallow will still continue in a state of low 
combustion, of which the flame may not be visible, but which, 
is sufficient to cause the renewal of the high combustion, if the 
cup is immediately introduced into a jar of oxygen gas. A candle 
newly blown out is sometimes rekindled in oxygen, although 
no point of the wick remains red, owing to the continuance of 
this low combustion. When ‘a coil of thin platinum wire, or a 
piece of platinum foil is first heated to redness and then held 
over a vessel containing ether or hot alcohol, the vapours of 
these substances, mixed with the air, oxidate upon the hot 
metallic ,sui^a(;g(^nd may sustain the metal at a red heat for 
a long time, without the occurrence of combustion with flame. 
The product, however, of the low combustion of these bodies 
is peculiar, as Us obvious from its pungent odour. 

Combustion m air , — The affinity for oxygen of all ordinary 
combustibles is greatly promoted by heating them, and is in- 
deed rarely developed at all except at a high temperature. Hence, 
to determine the commencement of combustion, it is commonly 
necessary that the combustible be heated to a certain point. 
But the degree of heat ^lecessary to inflame the combustible, 
is in general greatly inferior to what is evolved during the 
progress of the combustion, so that a combustible, once in- 
flamed, hiaintains itself sufficiently hot to continue burning 
till it is entirely consumed. Here the difference may be ob- 
served between combustion and simple ignition. A brick 
heated till it is red-hot in a furnace, and taken out, exhibits 
ignition, but has no means within itself of sustaining a high 
tempe^ture, and soon IoVjcs the heat which it had acquired in 
the fiire, and on cooling is found lyfchanged. The oxidable 
constituents of wood, coal, oils, t^ow, wax, and all the or- 
dinary combustibles are the same, j^rboii and hydrogen, which 
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In combining with oxygen, at a high temperature, always pro- 
duce carbonic acid and water, wlfich beftig volatile disappear, 
for mi ng part of the heated aenal column that rises from the 
burning body. '^Fhe constant removal of thfi p^roduct of oxida- 
tion, thus effected by its volatility, greatly favours the progress 
of combustion in such bodies, by permitting the free access of 
air to the unconsumed combustible. The interference of air 
in combustion is obvious from the facility witli which a 
fire is checked or extinguished when the supply of air is 
lessened or withheld, and, on the# contrary, revived and 
animated when the supply of air is increased by blowing upon 
it. For the oxygen of the air being consumed in combining 
with the combustible, a constant renewal of it is jiecessary. 
Hence, if a lighted taper, floated by a cork* upon water, be 
covered with a bell jar having an opening at top, such as that 4 
in which the iron-wire was burned, the taper will burn for a 
short time without change, then more and more feebly, in 
proportion as the oxygen is exhausted, and at last will expire. 
The air remaining in the jar is no longer suitable to support 
combustion, and a second lighted taper introduced into it by 
the opening at top, is immediately extinguishedi" • • 

In combustion, no loss whatever of ponderable matter occurs ; 
notliing is annihilated. The matter formed may always be 
collected without difficulty, and is found to I^ve^ exactly the 
weight of the oxygen and combustible together which have dis- 
appeared. The most simple illustrations of this fact are ob- 
tained in the combustion of those bodies, which afford a solid 
product. Thus when 2 graing of phosphorus are kindled in a 
measured volume of oxygen gas, they are found converted after 
combustion into a quantity of white powder (phosphoric acid), 
which weighs grains^ or the phosphorus acquires 2| grains ; at 
the same time 73 cubic inches of oxygsn disappear which weigh 
exactly 2| grains. In the same way \^en iron wire is burned 
in oxygen, the weight of solid oxide produced is found to be 
equal to that gf the wire originally employed added to that 
of the oxygen ga^ which has disappeared. But the oxida- 
tion of mercury affords a more complete illustration of what 
occurs in combustion. ^ Exposed to a moderate degree of heat 
for a considerable timeVin a vessel of oxygen, that metal is 
converted into red scales^f oxide, which possess the additional 
weight of a certaih volum\ of oxygen which has disappeared. 
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But if the oxide of mercury, so produced, be then put into a 
small retort, and reconverted ^by a red heat into oxygen and 
fluid mercury, the quantity of the oxygen emitted is found to 
be the same as hM combined with the mercury in the first part 
of the operation, ^us proving that oxygen is reall/ present in 
the oxidized ^ody. 

The evolution of heat, which is the most striking pheno- 
menon of /jombustion, still remains to be accounted for. It 
has been referred to the loss of latent heat by the combustible 
and oxygen, when, from the condition of gas or liquid, they 
become solid affer combustion ; to a reduction of capacity 
for heat, the specific heat of the product being supposed to be 
less than that of the bodies burned ; to a discharge of the elec- 
tricities belonging to the diiferent bodies, occurring in the act 
of combination. But the first two hypotheses are manifestly 
insufficient, and th6 last is purely speculative. The evolution 
of heat during intense chemical combination, such as oxidation, 
may be received at present as an ultimate fact ; but if we choose 
to go beyond it, we may suppose that the heat exists in a com- 
bined and latent state in either the oxygen or combustible, or 
in both, ‘that d9PB%f these bodies is a compound of its material 
bases with heat, i^e whole* or a definite quantity of which they 
throw off on combining with each other. Heat, like other ma- 
terial substances, is here supposed, not to evince its peculiar 
properties while in a state of a combination with other matter, 
but only when isolated /arfd fr^e. This view gives a literal cha- 
racter to the expressions, liberation, disengagement, and evo- 
lution of heat during combustioi^ The phenomenon, it is to 
be remembered, is not confined to oxidation, but occurs in an 
equal degree in combinations without oxygen, and indeed to a 
greater or less extent in all chemical combinations whatever. 

U^e^.^Pure oxygen hus not as^ yet found any considerable 
application in the arts, ^ But by the chemist it is applied to 
support the combustion of hydrogen gas, in producing intense 
heat. A more considerable application of it is likely to arise 
in the combustion of oil in the lamp of JMr. iSurney, to produce 
an intense light suitable fijr marine light- houses. In this lamp, 
which is an Argand with several concentric wicks, oxygen gas 
from a gasometer is admitted into the/wntre of the flame, and 
is found to prodnee so much more liipt than air does, from the 
conibustion^of the same quantity of^jil, as fully to compensate 
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for the cost of the oxygen. Where a large quantity of oxygen 
is required, as in this application df it, thfe gas may be obtained 
by heating oxide of manganese in a cylinder of cast iron sup- 
ported over a furnace, like the^netort for coalj^s. The calcined 
oxide does ift)t regain its oxygen when afterW^Tds exposed to the 
air, as was once supposed,but would still be of sonje value in the 
preparation of chlorine. 


SECTION n. 

HYDROGEN. 

Equivalent 12.5 {oxygen 100), or 1 as the bastes of the hydro- 
gen scale ; symbol H ; density 69 {air 1000) ; combining 
measure [ ' Q {two volumes.) 

• 

Hydrogen gas, which was long confounded with other in- 
flammable airs, was first correctly described by Cavendish, in 
1766. It does not exist uncombined in nature, at least the 
atmosphere does not contain any appreciable proportion of 
hydrogen. But it is one of the elements of water, and enters 
into nearly every organic substance. ' Its nange is derived from 
water, and ytwaio, I generate, and refers to its forming 
water when oxidated. 

Preparation . — ^This element, although resembling oxygen in 
being a gas, appears to be more analogous to a metal in its 
chemical properties. By heating oxide of mercury, we have 
seen it resolved into oxygen .^nd mercury ; and several' other 
metallic oxides, such as those of silver and gold, are susceptible 
of a similar decomposition. But some others are deprived of 
only a portion of their oxygen by the most intense heat, such, 
as peroxide of manganese j aijd many, Such as tiie protoxide of 
lead, are not decomposed at all by Mim{fle caldnation. By 
igniting the latter oxide, however, mixed with charcoal, its 
oxygen goes off .in combination with carbon, as carbonic oxide^ 
and the lead is left* The oxide of hydrogen or water is in the 
same case. Heat alone does not dccojnpose it. But potassium 
and sodium brought jplji contact witir it, at the temperature of 
the air, combine ■with its^ oxygen, and- are converted into the 
oxides potash and soda ; and hydrogen is consequently liberated, 
water being the otdde of hj^Jrogen. 
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Iron and many other metals decompose water, and become 
oxides, at a red hekt. Hcface, hydrogen gas is sometimes 
procured by transmitting steam through an iron tube placed 
across a furnace and heated red-hot. Some other compounds 
of hydrogen are d^^vjiomposed more easily than watei, by iron and 
zinc. The chloride of hydrogen or hydrochloric acid is decom- 
posed by these metals, and evolves hydrogen, at the ordinary tem- 
perature of the air. But this gas is more generally obtained by 
putting pieces of zinc or iron into oil of vitriol or the concen- 
trated sulphuric acid, diluted with 6 or 8 times its bulk of 
water. The hydirogen is then derived from the decomposition 
of the proportion of water intimately united with the acid, as’ 
illustrated in the following diagram, zinc being used, and the 
quantities expressed ; — 

Before decomposition. . ' After decomposition. 

'.i. 

6 J3| oil of vitriol, f Hydrogen. . 12j . . . . 12^ hydrogen, 

or sulphate < Oxygen . . lOOs^^ 
of water. . I Sulphuric acid 

403 zinc . . . Zinc . . . 403 -—^1004 sulphate of 

oxide of zinc. 

lOlOi ■ ' 1016i 10161 

Or by symbols 

H i+s Og and Z = Z 0 + S O 3 and H. 

The zinc dissolves in tiie acid with effervescence, from the 
escape of Bydoogen gas. It will be observed that the products 
after decomposition, mentioned jn the last column, hydrogen 
and sulphate of oxide of zinc are similar to those before de- 
composition, in the first column,, zinc and sulphate of water; 
and that the change occurring is amply the substitution of zinc 
for hydnjgen m the sulphate of water. The large quantity of 
water used with the acjd is useful to dissolve the sulphate of 
zinc formed* 

Zinc is generaliy preferred to iron, in the preparation of hy- 
tlrogen, and is previously granulated, by, being fused in a 
stone-ware crucible, and , poured into water; if sheet zinc be 
used, it must be cut into small pieces. The common glass 
retort may be used in the experiment,^ or a gas-bottle, such as 
the half pound phial (Kg. 83), with a cork having two perfbra> 
tions fitted with glass tubes, on^ of which descends to the 
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bottom of the bottle, and is ter- 
minated externally by a funnel 
fdr introducing the acid, whilst the 
otter is the dXit' tube, by which 
the hydr6gen .^capes. Witli an 
ounce or two of zinc in it, the 
bottle is two-thirds filled with 
water, and the undiluted acid 
added from time to time by the 
funnel, as to sustain a con- 
tinued eifervescefice. No gas es- 
capes by the fuiuiel tube, as its 
extremity within the Jbottle is 
always covered by the fluid. To produce large quantities, a 
half-gallon stone-ware jar may be mounted as a ^ gas bottle, < 
with a flexible metallic pipe fitted to tlie cork, as the exit tube* 
This gas may be collected, like* oxygen, either in jars over 
the pneumatic trough, or in the gas-holder. The first jar or two 
filled will contain the air of the gas-bottle, and therefore must 
not be considered as pure hydrogen. One ounce of zinc is 
found to cause the evolution of 615 cubic inches of hydVogen. 

Properties . — Hydrogen gas thus prepared is not absolutely 
pure, but contains traces of sulphuretted hydrogen and carbonic 
acid, which may be removed by agitating the /^as jvith lime- 
water or caustic alkali. It has also a particular odour, which 
is not essential to hydrogen, as the gas*e^{olved from the amal- 
gam of sodiumj acted on by pure water without acid, is per- 
fectly inodorous. An oily coippound of carbon and hydrogen, 
which appears to be the cause ol’ this odour, may be . separated 
in a sensible quantity from the gas prepared by iron, by trans- 
mitting it through alcohol. Of the pure gas, water does not 
dissolve more than 1| per cent, of its^ bulk. Hydrogen has 
never been liquefied by cold or*pressure.* 

Hydrogen is the lightest substance in nature, being sixteen 
times lighter th^n oxygen, and 14.4 times lighter than air; 
100 cubic inches of jt weigh only 2.14 grains. Soap bubbles 
blown with this gas ascend in the atmosphere ; and it is used, 
as is well known, to inflate balloons, which begin to rise when 
the weight of the stuff of which they are made and the hydrogen 
together, are less than the weight of an equal bulk of air. A 
tight bag is prepared for making this experiment in the^ chamber, 


Fig. 33. 




258 


HYDROGEN, 


by distending the lining membrane of the crop of the turkey, 
which may weigh 35 or 36 grains, and when filled with hydrogen, 
about 5 grains more, or 41 grains ; the same bulk of air, how- 
ever, would weigfe 50 or 51 grains ; so fhat the little balloon 
when filled with ^^ydrogen has ''a buo^nt power of 9 or 10 
grains. Sounds produced in this gas were found by Leslie to be 
extremely feeble, much more feeble indeed than its rarity com- 
pared with air could account for. Hydrogen may be taken 
into the lungs Without inconvenience, when mixed with a large 
quantity of air, being in jio way deleterious; but it does not, 
like oxygen, support respiration, and therefore an animal placed 
in pure hydrogen soon dies of suffocation. A lighted taper is 
extinguished in this ga's. 

Hydrogen is eininently combustible, and burns when kindled 
in the air with a yellow flame of little intensity, which moistens a 
dry glass jar held over it ; the gas combining with the oxygen of 
tlie air in burning, and producing water. If before being kindled 
the gas is first mixed with enough of air to burn it completely, 
or with between two and three times its volume, and then* 
kindled, the combustion of the whole hydrogen is instantaneous 
and attended explosion. With pure oxygen instead of 

air the explosion is much more violent, particularly when 
the gases are ‘mixed in the proportions of two volumes 
of hydrogen tc^^one of oxygen, which are the proper quantities 
for combination. The combustion is not thus propagated 
through a mixture of ithese gases, when either of them is 
in great excess. The sound in such detonations is occasioned 
by the concussion which the atmosphere receives from the 
sudden dilatation of gaseous •‘matter, in this case of steam, 
which is prodigiously expanded from tjie heat evolved in its 
formation. A musical note may he produced by means of these 
detonations, when they are made. to succeed each other very 
rapidly. If hydrogen be generated in a gas bottle, and kindled 
as it escapes from an upright glass jet having a small aperture, 
the gas will be found to burn tranquilly ; but on holding an 
open glass tube of about two feet in length over the jet, like a 
chimney, the flame will be elongated and become flickering. A 
succession of little detonations is produced, from the gas being 
carried up and mixing with the air of the tube, which follow 
each other so quickly as to produce a continuous sound or mu- 
sical note. 
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Several circumstances affect the combination of hydrogen 
with oxygen, which are importaift. These gases may be mixed 
together in a glass vessel, and preserved for any length of time 
without combining, ^ut combination is instantly determined 
by flame, b5^ passing the electric spark* throvgh the mixture, or 
even by introducing into it a glass rod, not tpore than just 
visibly red-hot. Hydrogen, indeed, is one of the more easily 
inflammable gases. If the mixed gases be heated in a vessel 
containing a quantity of pulverized glass, or any sharp powder, 
they begin to unite in contact with the? foreign body in a gradual 
manner without explosion, at a temperature not exceeding 
660*^. The presence of metals disposes ^them to unite at a still 
lower temperature; and of the metals, those \rfiich have 
no disposition of themselves to oxidate, such as gold and 
platinum, occasion this slow combustion at the lowest tem-^ 
perature. In 1824, Dobereiner made the remarkable dk- 
covery that newly prepared spongy platinum has an action 
upon hydrogen independently of its temperature, and quickly 
becomes red-hot when a jet of this gas is thrown upon it in air, 
combination of the gases being effected by their contact with 
the metal. In consequence of this ignition of the platinum the 
hydrogen itself is soon inflamed, as it issues /rom the jet. An 
instrument depending upon this action of platinum has been 
constructed for producing an instantaneous lighc. More lately 
Mr. Faraday observed that the divided state of the platinum, 
although favourable, is not essential <b \this action ; and that a 
plate of that metal, if its surface be scrupulously clean, will 
cause a combination -of the gases, accompanied with the same 
phenomena, as the spongy platinum. This action of platinum 
is manifested at temperatures considerably below the freezing 
point of water, and in an explosive mixture largely diluted with 
air or hydrogen. Spongy platinum, macte into pellets with a little 
pipe-clay, and dried, when introduced into mixtures of oxygen and 
hydrogen, will be found to cause a gradual and silent combina- 
tion of the gas^s, in whatever proportions they are mingled, 
which will not cease till one of them is completely exhausted. 
The theory of this effect of platinum is very obscure. It be- 
longs to a class of act^i)^ depending upon surface, not confined 
to that metal, and by which other combustible vaporous bodies 
are affected besides hydrogen (page 196.) 

The flame of hydrogen, although so slightly luminous, is in- 

s2 
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tensely hot ; few combinations producing so high a temperature, 
as the combustion of hydrogen. In the oxi-hydrogen blow- 
pipe, oxygen and hydrogen gases are brought by tubes from 
different gas-holder's, .and allov^ed to mix immediately before 
they escape by tliljf samb orifice, at which they st/e inflamed. 
This is most safely effected by fixing a jet for the oxygen within 
the jet of hydrogen, so that the oxygen is introduced into the 
middle of the flame of hydrogen, a construction first proposed 
by Mr. Maugha^^m, and adapted to the use of coal gas instead of 
hydrogen by Mr. Danierll.* At this flame the most refrac- 
tory substances, ''such as pipe-clay, silica and platinum, are 
fused with facility, and the latter even dissipated in the state of 
vapour. .The flame itself, owing to the absence of solid matter, 
is scarcely luminous, but any of the less fusible earths, upon 
which it is thrown, a mass of quick-lime for instance, is heated 
piost intensely, and diffuses a light, which for whiteness and 
Ijrilliancy may be compared to*^ that of the sun. With a requi- 
site supply of the gases this light may be sustained for hours, 
care being taken to move the mass of lime slowly before the 
flame, so that tlic same surface may not be long acted upon ; 
for the liiglMrrtidiating poAver of the lime is soon impaired, it is 
supposed from a slight agglutination of its particles occasioned 
by the heat. This light placed in the focus of a parabolic re- 
flector, was^ found to be visible, in the direction in which it was 
thrown, at a distance of 69 miles, in one experiment made by 
Mr. Drummond, wherv lAing it as a signal light. The heating 
effects are even more intense when the gases are forced into a 
common receptacle, and allowed ,to escape from under pressure, 
but there is the greatest risk of “the flame passing back through 
the exit tube and exploding the mixed gases, an accident which 
would expose the operator to the greatest danger. Mr. Hem- 
ming’s apparatus, however, may 'be used without the least 
apprehension. A coninjon bladder is used to hold the mixture, 
and the gas before reaching the jet, at whicli it is burned, is 
made to pass through his safety tube. This cqnsists of a brass 
cylinder about six inches long and 3-4ths of an inch wide, filled 
with fine brass wire of th^ same length, which is tightly wedged 
by forcibly inserting^ a pointed rod of piejtal into the centre of 
the bundle. The conducting power of the metallic channels 


* Phil, Mag. 3rd Series, vol. II, p, 57. 
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through which the gas has then to pass is so great as com- 
jiletely to intercept the passage^ of*flame. 

Hydrogen is capable of forming two compounds witli oxygen, 
namely water, which is the ^otoxide, and^ the peroxide of 
hydrogen. 

L/ses. — The most important of the present applications of 
hydrogen gas is in the oxi-liydrogen blow-pipe. It has been 
superseded as a material for inflating balloons, ^)y coal gas, the 
balloon being proportionally enlarged to compensate for the less 
buoyancy of the latter gas. 

PROTOXIDE OF HYDROGEN.— WATER. 

Equivalent 1 1 2,5, or y on hijdrogcn scale ; formula II 4* O, or 
II O; density 1, as steam 620.2 {air lOpO) comhining measure^ 
of steam 

^ Mr. Cavendish first demonstrated, in 1781 , that the product 
of the combustion of hydrogen and oxygen is water. lie 
l/urned known quantities of these gases in a dry fjlass vessel, 
and found that water was fonned in quantity exactly equal to 
the weights of the gases whicli disappeared. Jt was afterwards 
established by Humboldt and Gay-Lussac, that the gases unite 
rigorously in the proportion of two volumes of hydri^gen to one 
volume of oxygen, and that the water produced by their union 
occupies, while it remains in the state* ef vapour, exactly two 
volumes (page 131). The proportion of the constituents ot 
water by weight was determined with extraordinary care by 
Berzelius and Dulong. Their 'method was to transmit dry 
hydrogen gas over a •known weight of the black oxide ot 
copper, contained in a glass tube, and heated to redness by a 
lamp. The gas was afterwards confieyed through .another 
weighed tube containing the hygrometric salt, chloride of 
calcimp. ^fhe hydrogen gas in passing over the oxide of copper, 
combines with its oxygen and forms water, which is carried 
forward by the excess of hydrogen gas, and absorbed in the 
chloride of calcium tube. The weight gf this water being ascer- 
tained, the proportion^ qf oxygen it contains is determined by 
ascertaining the loss which the oxida of copper has sustained ; 
the difference is the hydrogen. The mean of three such ex- 
periments gave as the composition of water : 
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Oxygen . 88.9 or 100 or 8.009 
Hydrogen , 11.1 12.48 „ 1. 

f. 

. ‘100 . 112.48 9.009 

The oxygen and hydrogen are therefore very neS.rly> if not 
exactly, in tli^ proportion of 8 to I, as appears by the propor- 
tions of the last column. This experiment serves not only to 
determine rigorously the composition of water, but it offers also 
the best method of ascertaining the composition of such metallic 
oxides as are de-oxygenatt;d by hydrogen. 

Properties . — When cooled down to 32® water freezes, if in a 
state of agitation, but may retain the liquid condition at a lower 
temperature, if at rest (page 40) ; the ice, however, into which it 
is converted cannot be heated above 32“ without melting. Ice 
*is lighter than water, its specific gravity being 0.91 6 ; and the 
form of its crystal is a rhomboid, very nearly resembling Iceland 
spar. Water is elastic and compressible, yielding according to 
Oersted 53 millionths of its bulk to the pressure of the atmo- 
sphere, and, like air, in proportion to the compressing force for 
different ^pressures. The peculiarities of its expansion by heat 
while liquid, have already been fully described (page 8). Under 
a barometric pressure of 30 inches, it boils at 2 1 2®, but evapo- 
rates at all inferior temperatoes. Its boiling point is elevated 
by the solution 'of salts in it, and the temperature of the steam 
from these solutions is not constantly 212®, as has been 
alleged, but that of thf> last strata of liquid through which the 
steam has passed. When mixed with air, the vapour of water 
has a tendency to condense ip vescicles, whiqh inclose air; 
forming in this condition the masses of clouds, which remain 
suspended in the atmosphere form the lightness of the vescicles, 
the substance of mists and fogs, and vapour generally, in 
its popular meaning. The vescicles may be observed by a lens 
of an inch focal lengthy over the dark surface of hot tea or 
coffee, mixed with an occasional solid drop which coiSrasts 
with them. According to the experiments of Saussure, 
made upon the mists of high mountains, these vescicles gene- 
rally vary in size from . the l-4500th to the l-2780th of aii 
inch, but are occasionally observed as large as a pea. They are 
generally condensed by their collision into solid drops, and fall 
as rain ; but their precipitation in that form is much retarded 
in some co;!iditions of the atmosphere. 
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A cubic inch of water at 62®, Bar. 30 inches, weighs in air 
252.458 grains. The imperia!^ gallon has been defined to con- 
tain 10 pounds avoirdupois (70,000 grains) ^of distilled water at 
that temperature and pressure, • Its capacity Jis therefore 277*19 
cubic incheif. The specific gravity of watei at 60® is 1, being 
the unit to which the densities of all other liq^aids and solids 
are conveniently referred; it is 815 times heavier than air at 
that temperature. 

In its chemical relations water is eminently a neutral body. 
Its range of affinity is exceedingly Extensive, water forming 
definite compounds, to all of which the name hydrate is applied, 
with both acids and alkalies, with a large, proportion of the salts, 
and indeed with most bodies containing oxygen. It is also 
the most general of all solvents. Gay-Lussac has observed 
that the solution of a salt is uniformly attended with the pro-^ 
duction of cold, whether the s§,lt be anhydrous or hydrated, 
and that on the contrary, the formation of a definite hydrate 
is always attended with heat ; a circumstance which indicates 
an essential difference between solution, and chemical com- 
bination*. Even the dilution of strong solutions of some salts, 
such as those of ammonia, occasions a fall of temperature. 
The solvent power of water for most bodies, increases with its 
temperature. Thus at 57® water ;^issolves one fourth of its 
weight of nitre, at 92® one half^ at 131® an equal weight, and 
at 212® twice its weight of that salt. Solutions of such salts, 
saturated at a high temperature, deposit crystals on cooling. 
But the crystallization of some saturated solutions is often 
suspended for a time, in a remjarkabie manner, and afterwards 
determined by slight causes. Thus, if three pounds of crys- 
tallized sulphate of soda be ^dissolved in two pounds of water, 
with the assistance of heat, and the solution be filtered while 
hot, through paper, to remove foreign #olid particles, -and then 
set aside in a glass matrass, with a 4ew drops of oil on its 
surface, it, may become perfectly cold without crystallization 
occurring. Violent agitation even may not cause it to crystal- 
lize. But when jany solid body, such as the point of a glass 
rod, or a grain of salt, is introduced into the solution, crystals 
immediately be^n to •fc«rm about the solid nucleus, and shoot 
out in all directions through the liquid. The solubility of many 

* An. de Ch. et de Phys, t. 70 p. 407. See also page 180 of work. 
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salts of soda and lime does not increase with the temperature, 
like that of other salts/ 

Water is also capable of dissolving a certain quantity of air 
and other gases, w[uch ipay agaih.be expelled from it by boiling 
the water, or by placing it in vacuo. Rain-water generally 
affords 2i peir cent of its bulk of air, in which the proportion 
of oxygen gas is so higli as 32 per cent, and in water from 
freshly melted ^riiow 34.8 per cent, according to the observa- 
^ tions of (lay-Lussac and Humboldt, while the oxygen in atmo- 
spheric air does not exefeed 21 per cent. Boussingault finds 
that the quantity of air retained by water, at an altitude of 6 or 
8000 feet, is reduced, to one third of its usual proportion. 
Hence it ft that fishes cannot live in Alpine lakes, tlie air con- 
tained in the water not being in adequate quantity, for their 
Vespiration. The following table exhibits the absorbability 
erf different gases by water deprived of all its air by ebul- 
lition : 

100 cubic inches of water at 60^ and 30 Bar., absorb of 


Sulphuretted hydrogen 
Carbonic acid 
Nitrous oxide 
Olefiant gas 
Oxygen 
Carbonic oxide 
Nitrogen . 

Ilvdrogcn 


Dalton and Henry, 

Saussure 

100 C. 1. 

. 253 

100 

. 106 

100 

. 76 

12.5 , 

15.3 

3.7 

6.5 

1.56 . 

6.2 

1.56 . 

4.J 

1.56 . 

4.6 


The results 
sulphuretted 


of Saussure are probably nearest the truth, for 
hydrogen and nitrous oxide, but for tlie other 


gases those of Dalton and Henry are most to be depended on. 

i4vc^.---Rain recei^^ed* after it has continued to fall for some 
time may be taken as pare water, excepting for the, air it con- 
tains. But after once tonching the soil, it becomes impregnated 
with various earthy and organic matters, from which it can only 
be completely purified by distillation. A ‘copper still should 
be used for that purpose,^- provided with n copper or block tin 
worm, which is not used for the distdkition of spirits, as traces 
of alcohol remaining in the worm and becoming acetic acid, 
cause the formation of acetate of copper, which would be washed 
out and contaminate the distilled water. The use of white lead 
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<-cment about the joinings of the worm is also to be avoided, as 
the oxide of lead is readily dissolved hf distilled water. The 
first portions of the distilled water should be rejected, as they 
often contain ammonia, and the.distillation j?hould not be carried 
to dryness. 

Water employed for economical purposes is generally sub- 
mitted to a more simple process, that of filtration, by wbicli 
it is rendered clear and transparent by the removal of matter 
mechanically suspended in it. Such foreign matter may often 
be removed in a consideralilc degree^by subsidence, on which 
account it is desirable that the water should ^tand at rest for a 
time, before being filtered. Tlie filtration of liquids generally 
is (‘liccted on the small scale, by allowing them to flaw through 
unsized or filter paper, arid that of water, on the large scale, 
by 2)assing it through beds of sand. The sand preferred foii 
tliat purpose is not fine, but gravelly, and crushed cinders j^r 
furnace clinlcers may be substituted for it. Its function, as that 
also of tlie paper in the chemist’s filter, is to act as asujjport for 
the finer particles of mud or precipitate wliich arc first deposited 
on its surface, and form the bed that really filters the water. 
Vvdien the mud accumulates so as to impede the fiction of the 
sand filter, the surface of the sand is scraped, and an inch or two 
of it removed. Upw^ard filtration through a l)erl of sand is some^^ 
times practised, but it has the disadvantage that the^fil ter cannot 
be cleaned in the manner just indicated. Filtering under high 
pressure and with great rapidity has? ^itcly been practised in a 
very compact apparatus, consisting of a box, not above three 
feet square, filled with sand. *This filter wdiich becomes speedily 
choked with tlie mud it detains, is cleansed by suddenly revers- 
ing the direction in which the water is passing througli the box, 
which occasions a shock that has the effect of loosening tlie 
sand, and allowing the water to brirtg away the irjud. The 
action of such a filter, lately erected at.the Hdtel-Dieu of Paris, 
lias been favourably reported on by M. Arago=^. 

Matter actually dissolved in water is not aflheted by* filtration. 
No repetition of .the process would withdraw the salt from 
sea-w^ater and make it fresh. Hence, the impregnation of peaty 
matter, wliich river jvggter generally contains, and to tlie great- 
est extent in summer, when the water is concentrated by evapo- 


* An. tie Ch, et de Pli. t 65, p. 428. 
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ration, is not removed by filtering. Animal charcoal is the 
proper aubstance for discolouring liquids, as it withdraws 
organic colouring matter, even when in a state of solution. 

In the process of clarifying liqjiors, by dissolving in them the 
white of egg and bther rflbuminous fluids, the terLperature is 
raised so as to coagulate the albumen, which thus forms a 
delicate net-work throughout the liquid, and is afterwards 
thrown up as scum in the boiling, carrying all the foreign matter 
suspended in th^ liquid along with it. 

The most usual earthy impurities in water, occasioning its 
hardness, are sulphate of lime, and the carbonate of lime dissolved 
in carbonic acid, both of which are precipitated on boiling 
the water, and occasion an earthy incrustation of the boiler. 
When waters cohtain iron, they are termed chalybeate -, this 
metal is most frequently in the state of carbonate dissolved in 
carbonic acid, and rarely in a proportion exceeding one grain in 
a pound of water. The sulphureous waters, which are recog- 
nized by their peculiar odour, and by blackening silver and salts 
of lead, contain sulphuretted hydrogen gas, in a proportion not 
exceeding the usual proportion of air in spring water, and no 
oxygen. * Sedine waters, for the most part contain various salts 
of lime and magnesia, and generally common salt. Their den- 
sity is always considerably higher than that of pure water. 
Sea-water contains 3^ per cent, of saline matter, and has a 
density 1.0274. Its composition is interesting, as the sea 
comes to be the grand (Repository of all the soluble matter of the 
globe. A most minute and valuable analysis of the water of the 
English Channel has lately been executed by Dr. Schweitzer of 
Brighton, the particulars of which I subjoin in contrast with an 
analysis of the water of the Mediterranean by M. Laurens : — 


Sea^walcr of the English Channel. Of the Mediterranean. 



^ Grains. 


Grains. 

Water 

964.74372' 

• • • 

959.26 

Chloride of sodium 

27.0^948 

• • • 

27.22 

- — » potassium . 

0.76552 

• • • 

0.01 

magnesium 

3.66658 

• • « 

6.14 

Bromide of magnesium 

0.02929 

• • 0 


Sulphate of magnesia . 

* '2.29578 


7.02 

— lime . 

1.40662 

^ 1 

• • • 

0.15 

Carbonate of lime 

0.03301 

Carb. of lime & magn. 0.20 


■1000.0000 


1000.00 
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These analyses shew that the channel water contains 9 times as 
much lime as the Mediterranean, but thirf can be accounted for, 
as the water flows over a bed *of chalk. The Mediterranean, 
again, contains twice as much ^magnesia and sulphuric acid as 
the Channel? In addition to those corfstituents, distinct traces 
of iodine and of ammonia were detected.* 

PEROXIDE OF HYDROGEN. 

Equivalent y or \*J on hydroger^ scale ; formula H4.20, 

or HOa. 

llie second compound of hydrogen and oxygen is a liquid, con- 
taining twice as much oxygen as water, and is^ body*possessed 
of very extraordinary properties. It was discovered by Thenard, 
in 1818, who prepared it by a long anddntricate process. 

Preparation . — The formation the peroxide of hydrogen 

depends upon the existence of a corresponding peroxide of 
barium. The latter is obtained by calcining pure nitrate of 
barytes at a high temperature in a porcelain retort, and after- 
wards exposing the earth barytes or protoxide of barium, which 
is left, in a porcelain tube heated to redness, to a stream of 
oxygen gas, which the protoxide rapidly absorbs becoming pe- 
roxide. Treated with a little water the peroxide of barium 
slakes and falls to powder, forming a hydrate, o# which the 
formula is Ba Og + H O. Dilute acids have a peculiar action 
upon this hydrate, which will be easil5‘ understood, if the pe- 
roxide of barium is represented as the protoxide united with an 
additional equivalent of oxygtjo^ or as BaO + Ot They com- 
bine with the protoxide of barium, forming salts of barytes, 
and the second equivalent of .oxygen, instead of being liberated 
in consequence, unites with the water of the hydrate, the HO 
of the preceding formula, 'giving ris^ to HO+O or the pe- 
roxide of hydrogen, which dissolves iit the water. Although it 
would be inconvenient to abandon the systematic name peroxide 
of hydrogen for*this compound, still it must be allowed that the 
properties of the body, as well as its mode of preparation are 
more favourable to the idea of its being a combination of water 
with oxygen, or oxygenated water y as it was first named by its 
discoverer, than a direct co^ibination of its elements. It is re- 

* Phil. Mag. 3rd Series, vol. 15, page 58. (1839.)^ 
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commended by Thenard to dissolve the peroxide of barium in 
hydrochloric acid considerably diluted with water, and to re- 
move the barytes by sulphuric acid, which forms an insoluble 
sulphate of barytes. ' The hydrochloric acid, again free in the 
liquor, is saturated a seebnd time with peroxide of 'barium and 
precipitated; and after several repetitions of these two opera- 
tions, the hydrochloric acid itself is removed by the cautious 
addition of sulphate of silver, and*tlic sulphuric acid of the last 
salt by solid barytes. Such is an outline of the process ; but 
its success requires attention to a number of minute precautions 
which are fully detailed in the Traitc de Chimie of the author 
quoted.* The weak solution of peroxide of hydrogen, which 
this proces-s affords, may* be concentrated by placing it with a 
vessel of strong sulphuric acid under the receiver of an air 
pump, until the solution attains a density of 1.452, when the 
peroxide itself beginl^ to rise in vapour without change. It then 
contains 475 times its volume of oxygen. 

M, Pelouze abridges this process considerably byemploying 
hydrofluoric acid or fluosilicic acid, in place of hydrochloric 
acid, to decompose the peroxide of barium. By this oiDeratioii, 
the barytas sepfirates at once with the acid, in the state of the 
insoluble fluoride pf barium, and nothing remains in solution 
but the peroxide of hydrogen. After thus decomposing several 
portions of peroxide of barium successively in the same liquor, 
the fluoride of barium may be separated by filtration, and the 
peroxide of hydrogen, wliich is still dilute, be concentrated by 
means of the air-j)uinp. 

Peroxide of bj^^drogen is a colourless liquid re- 
sembling water, but less volatile, having a metallic taste, and 
instantly bleaching litmus and oilier organic colouring matters. 
It is decomposed with extreme facility, effervescing from escape 
of oxygen .{it a temperatufe of 59% ahd W’hen suddenly exposed 
to a greater heat, such as 212% actually exploding from the 
rapid evolution of the gas. It is rendered more permanent ]by 
dilution \^ith water, and still more so, by the addition of tlie 
stronger acids, while alkalies have the opposite effect. 

The circumstances attending the decomposition of this body 
are the most curious facts in its history. , Many pure metals 
and metallic oxides occasion its instantaneous resolution into 

* Vol. I, page l/i) of the Gth edition. 
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water and oxygen gas, by simple contact, without undergoing 
any change themselves, affording a striking illustration of 
catalysis (page 196) ; and thi^ decomposition may excite an 
intense temperature, the glass tube in which the experiment is 
made sometimes becoming re*d-hot. Some protoxides absorb 
at the same time a portion of the oxygen evolved, and are 
raised to a higher degree of oxidation, but most ot them do not; 
and certain oxides, such as the oxides of silver and gold, are 
reduced to the metallic state, their own oxygen feoing off along 
with that of the peroxide of hydrogen^ The decomposition of 
these metallic oxides cannot be ascribed to the heat evolved, 
for oxide of silver is reduced in a very dilute solution of the 
peroxide of hydrogen, although the deccTmposition is, not then 
attended with a sensiljlc elevation of temperature. The me- 
tallic oxides which are decomposed in this remarkable manner 
are originally formed by the decomposifion of other compounds, 
and not by the direct union of their elements, which in ffict 
exliibit little affinity for each other* In this general character, 
they agree with peroxide of hydrogen. 

Uses , — llie peroxide of hydrogen is a substance which it is 
exceedingly desirable to possess, with the view of Employing it 
in blcachiiig, and for other purposes as a powerful oxidating 
agent. Hffut the expense and uncertainty of tlie process for pre- 
paring this compound have hitherto prevented any ^application 
of it in the arts, or even its occasional use as a chemical re- 
agent. 


SECTJON III. 

NITROGEN. 

Synonyme^ azote. Equiv^ 177> or 14.2 on hydrogen scale 
symbol N ; density OJG ; cohpinmg measure | | , 

Dr. Rutherford of Edinburgh examined the air which re- 
mains after the respiration of an animal, and found that after 
being washed with lime-water, which removes carbonic acid, 
it was incapable of supporting either combustion or respiration, 
lie concluded that it was a peculiar gas. Lavoisier afterwards 
discovered that this gas exists in the air of the atmosphere, 
forming indeed 4-5ths of that mixture, and gave it the name 
azote, (from a, privative, and imh life), from its inability to 
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support respiration. It was afterwards named nitrogen by 
Chaptal, because it "is an ^element of nitric acid. Besides 
existing in air, nitrogen forms a constituent of most animal and 
of several vegetable substance^ In a natural arrangement of 
the elements, niti ogen h placed 'next phosphorus, <?and in close 
relation with antimony and arsenic. 

Preparation. — Nitrogen is generally procured by allowing 
a combustible body to combine with the oxygen of a 
certain quantity of air confined in a vessel. For that pur- 
pose a glass flask may/,be inverted over a small jet of hy- 
drogen, burning ^ as it issues from the upright exit tube of a 
gas bottle, till the flame goes out, which it does after exhausting 
the oxygen in the flask. The flask is then removed from the 
hydrogen bottle,^ its mouth being closed with the thumb, and 
( conveyed to a pneumatic trough, where the residuary gas con- 
tained in the flask may be transferred into ajar. Or a little 
metallic or porcelain cup may be floated, by means of a cork, 
on the surface of the water-trough. A few drops of alcohol are 
then introduced into the cup, or a small piece of phosphorus 
is placed in it, and being kindled, a tall bell jar is held over the 
cup, witSi its lip in the water. The combustion soon termi- 
nates, and the water of the trough rises in the jar. Alcohol 
does not consume the oxygen entirely, a small portion of it still 
remains mijngled with the nitrogen ; a certain quantity of car- 
bonic acid gas is also produced by its combustion. But the 
combustion of phosphoriirs exhausts the oxygen completely, and 
leaves nitrogen unmixed with any other gas. Nitrogen may 
likewise be obtained by several chemical decompositions, which, 
however, are more curious thafl important as sources of this 
gas. Ghlorine gas, for instance, conducted into diluted am- 
monia, is absorbed and evolves nitrogen ; so do fragments of 
sal ammoniac thrown into a solution of chloride of lime 5 fresh 
muscular flesh is also dissolved by nitric acid when heated, with 
the evolution of nitrogen. 

Properties . — ^Nitrogen gas is tasteless an^ inodorous ; has 
never been liquefied, and is less soluble in ^water than oxygen. 
It is a little lighter than mr, which possesses the mean density 
of 79 volumes of nitrogen and 21 volumes of oxygen. Nitrogen 
is a singularly inert substance and does not unite directly with 
any other single element, so far as I am aware, under the in- 
fluence of light or of a high temperature. * A burning taper is 
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instantly extinguished in this gas, and an animal soon dies in 
it, not because the gas is injurious, but from the privation of 
oxygen, which is required in the respiration of animals. Ni- 
trogen appears to be chiefly useful in the atmosphere, as a 
diluent of tl)^ oxygen, thereb/ repressing toP a certain degree 
the activity of combustion and other oxidating processes. The 
evidence of the fixation of free nitrogen by plants is incomplete, 
and therefore it cannot be said with certainty that the nitrogen 
of the organic world is primarily derived fi\)m the atmo- 
sphere.* When heated with oxygen.^ nitrogen does not burn 
like hydrogen, nor undergo oxidation. But nitrogen may be 
made to unite with oxygen by transmitting several hundred 
electric sparks through a mixture of theife gases in a {ube, with 
water or an alkali present, and nitric acid is* produced. The 
water formed by the combustion of hydrogen in air, or of a^ 
mixture of hydrogen and nitrogen in otygen, has often an acid 
reaction, which is due to a trace "of nitric acid. The same acid 
is also a product of the oxidation of a variety of compounds con- 
taining nitrogen^/ Ammonia mixed with air, on passing over 
spongy platinum at a temperature of about 572°, is decomposed, 
and the nitrogen it contains is completely converted^ iftto nitric 
acid, by combining with the oxygen of the air. Cyanogen and 
air, under similar circumstances, occasion the formation of nitric 
and carbonic acids.f Nitric acid is also largely produced by the 
oxidation of organic matters during putrefaction in air, when an 
alkali or lime is present, as in the natwral nitre soils and artifi- 
cial nitre beds. 

A suspicion has always existed that nitrogen may be a com- 
pound body, but it lias resisted all attempts to decompose it, 
and the evidence of its elementary character is equally good 
with that of most other bodies reputed simple. If the equiva- 
lent of nitrogen be divided, by 3, a cyxious parallellism is ob- 
served between some of its Compounds, and those of oxygen 
with the same elements, to which attention has been directed 
by M. Laurent and by M. A. Bineau.J Before considering the 
compounds of nitrogen with oxygen, we may notice the pro- 
perties of atmospheric air, which is regarded as a mechanical 
mixture of these gases. * 

* Boussftingault, Ann. de Ch. et de Ph. t. 67, p. 6, and 69, p. 353. 

t KulHman, PMl. Mag. Srd Series, vol, 14, page 167. 

X An. de Ch. ct de Ph. t. 67, p. S42. 
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„THE ATMOSPHERE. 

m 

According to the, careful experiments of Dr. Prout, 100 cubic 
inches of atmospheric air, depmed of aqueous vagour and the 
small quantity of carbonic acid it usually contains, weigh 
31.0117 grains, at 60^ and 30 Bar. Its density at the same 
temperature and pressure is estimated at 1000, and is con- 
veniently assumed as the standard of comparison for the den- 
^ sities of gaseous bodies, as water is for solids and liquids. 
Hence, at 62°, ajr is 815 times lighter than watery and 1 1,065 
times lighter than mercury. The bulk of air varies with its. 
temperature and the pressure affecting it, according to the same 
laws as otYier gasos (pages 11 and 66.)* 

The mean pressure of the atmosphere at the surface of the sea 
' is generally estimated aj equal to the weigiit of a column of 
liiercury of 30 inches in height, which is about 1 5 pounds on 
the square inch of surface, and is equivalent to a column of 
water of nearly 84 feet in height. The oxygen alone is equal 
to a column of 7«B feet of water over tlie whole earth’s surface, 
from which van idea may be formed of the immense quantity of 
that element, and how small the effect must be of the oxidating 
processes observed at the earth’s surface in diminishing it. If 
the atmosphere were of uniform density its height, as inferred 
from the bdrometer, would be 11,065 times 30 inches, or 5.238 
miles, but the density of ^air being proportional to the pressure 
upon it, diminishes with its elevation, the superior strata being 
always more rare and expanded than the inferior strata upon 
which they pless. 


The rale of the expansion of gases by heat has lately been corrected by Rud- 
berg, who finds that 1 volume of gas at 32® becomes 1.365 vol. at 212®, which gives 
a dilatation X)f 0^02028, or l-493rd part, instead of l-480th of the bulk at 32°, for 
each degree Fahrenheit. If tho«.>xpHn8ion be expressed in parts of the bulk at 0® 
Fahr. which is more convenwnt for calculation, the expansion^ is 1-461 part for 
each degree. The volume of a gas at 0® being 1, at any higher temperature it is 


always == 1 


. Temp. Fahr. , 
^ 461 
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DBNSfTY OP THE ATMOSPHERE. 


Height above the sea in miles. , Volume. 

0 ...... 1 

2.705 . . , 2 

^.41 4 

8.115 8 

10.82 16 

13.525 . . * • 

16.23 64 


At a height of 2.705 miles (11,556 feet) the atmosphere is of 
half density, by calculation, or 1 volume^ is expanded into 2, 
and the barometer ^would stand at 15 inches^ the density is 
agdn halved for every 2.7 miles additional elevation. Prom 
calculations founded on the phenomcnjj of refraction, the at- * 
mosphere is supposed to extend, in a state of sensible density^ 
to a height of nearly 45 miles. It is certainly limited, but 
whether by the cold prevailing in its higher regions, which may 
liquefy or even solidify the aerial particles, or from their ex- 
pansibility having a natural limit (page 18), is uncertain. The 
atmospheric pressure also varies at the same place, from the 
effect of winds and other causes, which are not fully understood. 
Hence, the use of the Jt)arometer as a weather glass ; for wet 
and stormy weather is generally preceded by a feU of the 
mercury in the barometer, and fair anci calm weather by its 
rise. 

Tlie temperature of the atmosphere is greatest at the earth’s 
surface, and has been observed Jbo diminish one degree for every 
352 feet of ascent, in the lower s*trata. It is believed, Iiowever, 
that the progressive diminution is less rapid at* great distances 
from the earth. But at a certain height, the region of per- 
petual congelation is attained’eyen in thef warmest climates ^ the 
summits of the Andes, which rise 21,000 feet, being perpetually 
covered with snow under the equator, llie line of perpetual 
congelation, whiefc has been fixed at 15,207 feet at 0° latitude, 
descends progressively in higher latitudes, being 3,818 feet at 
60®, and only 1,016 feet at 75®. The decrease of temperature 
with elevation in the ^atmosphere is ascribed to two causes. 
I®* To the property which air has of becoming cold by expan- 
sion, which arises from an increase of the latent heat of air, 
like that of steam, with rarefaction (page 54.) TJie actual 

T 
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temperature of the different strata of the atmosphere is indeed 
believed to be that due to their dilatation^ supposing that they 
had all the same original temperature and density as the lowest 
stratum. 2o, To^ the circumstance that the atmosphere de- 
rives its heat principally from contact with the eafi;h’s surface. 
The sun^s rays appear to suffer little absorption in passing 
through the atmosphere; but there are some observations on 
the force of sol§r radiation which arc not easily reconciled with 
that circumstance. A thermometer, of which the bulb is 
blackened, rises a certaiit number of degrees above the tempe- 
rature of the air, when exposed to sun, but the rise is decidedly 
greater on high mountains than near the level of the sea, and in* 
temperate', or evpn arctic climates, which is more remarkable, 
than within the tropics. It is a question how solar radiation is 
‘'obstructed in the hotter climates. (DanielPs Meteorological 
Essays, 2nd ed.) 

The blue colour of the sky has been found by Brewster to be 
due to light that has suffered polarization, which is therefore 
reflected light, like the white light of clouds. The air of the 
atmosphere must therefore have a disposition to absorb the 
red and yellow solar rays and to reflect the blue rays. At great 
heights, the bluer colour of the sky was observed by Theodore 
de Saussure to become deeper and deeper, being mixed 
with blackj' owing to the absence of white reflecting vesicular 
vapour or clouds. The red and golden tints of clouds appear 
to be connected with • a! remarkable property of steam lately 
discovered by Professor Forbes. A light seen at night through 
steam issuing into the atmosphere from under a pressure of trom 
5 to 30 pounds on the inch, is found to {ippear of a deep 
orange red colour, exactly as if observed through a bottle con- 
taining nitrous acid vapour. The steam, when it possesses this 
colour, is mixed with stir, and on the verge of condensation ; 
and it is known that the golden hues of sunset depend upon a 
large proportion of vapour in the air, and are indeed a popular 
prognostic of rain.^ 

The movement of masses of air, or wind, is always produced 
by inequality of temperature of the atmosphere at different 
points of the earth’s surface, or in different regions of the at- 
mosphere of equal elevation. The primary movement is always 

^ Phil. 3rd Series, vol. 14, pp. 121 and 425, and vol. 15, pp. 25, and 419. 
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an ascending current, the heated and expanded air over some 
spot rising in a vertical column. • Densfe and colder air flows 
towards that point producing the horizontal current which 
is remarked by an observer ^on the earth’s surface. Some 
winds are a very limited range, *and depend upon local 
circumstances ; such are the sea and land breezjp experienced 
upon the coasts of tropical countries. From its low con- 
ducting power, the surface of’the land is more quickly heated 
than the sea, so that soon after sunrise the expanded air 
over the former begins to ascend, anchis replaced by the colder ' 
air from the sea, forming the sea breeze. But after sunset, the 
earth’s heat being less in quantity, is more quickly dissipated 
by radiation than that of the sea, and the air ovei* the land 
becomes dense and flows outwards, displacing the air over the 
sea, and producing the land breeze. It is obvious that tliesew 
inferior currents must be attended by a superior current in tyi 
opposite direction, or that the air in these winds is carried in a 
perpendicular vortex of no great extent, of which the motion is 
reversed twice every twenty-four hours. A grand movement 
of a similar nature is produced in the atmosphere, from the 
high temperature of the .equatorial compared witfi the polar 
regions of the globe ; the air over the former qonstantly ascend- 
ing, and having its place supplied by horizontal currents from 
the latter, within the lower region of the atmosphere. Hence, 
if the earth were at rest, the wind would constantly blow at its 
surface, from the poles to the equator, %nd in the opposite direc- 
tion in the upper strata of the atmosphere. But the earth, accom- 
panied by its atmosphere makes.a diurnal revolution,upon its axis, 
in which any point on its surface is always passing to a point in 
space previously to the tcast of it, and with a velocity propor- 
tional to its circle of latitude on the globe ; a velocity which is 
consequently nothing at the poles, and attains its maximum at 
the equator. The result of this is, that the lower current or 
polar stream, in tending to the equator, is constantly passing 
over parallels of. latitude which have a greater degree of ve- 
locity of rotation to tbe east, than the stream itself, which comes 
thus to be felt as a resistance from tjie east 5 and instead of 
appearing as a wind dirqctly from the north as it really is, this 
stream appears as a wind from the east with a certain northerly 
declination, which dimihisbes as the stream approaches the 
equator, where it flows directly ^om the east, constituting the 

T 2 
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great trade-wind which constantly blows across the Atlantic and 
Pacific Oceans from eak to w6st within the tropics. Our keen 
east winds in spring have a low temperature which attests their 
arctic origin. Thp upper or equatorial current has its course 
deflected by similar causes ; starting from the equatbr it has a 
greater projectile force to the east than the parallels of latitude 
over which it has to pass, and retaining this motion towards the 
cast it appears,^ as it passes over them, a west wind or wind 
from the west. The upper current, flowing in the opposite di- 
rection from the trade-whid below, was actually experienced by 
Humboldt and Bonpland on the summit of the Peak of Tene- 
riife, and has been indicated at various times by the transport of* 
volcanic aShes by its means. 

<^)n the great oceans, within the temperate zone, westerly 
•winds prevail greatly oyer easterly, which are supposed by some 
to be the upper current descending to the surface of the earth. 
These westerly winds temper the climate of the western sea-board 
both of Europe and America, which is much milder than the 
climate of theft* eastern coasts. 

The nature of the movement of the atmosphere in hurricanes 
has latefy received considerable elucidation. It appears that 
they move in cirQles, and are great horizontal vortices, which 
are probAlily produced by currents of air meeting obliquely, 
like the little eddies or whirlwinds formed at the corner of streets. 
The whole vortex also travels, but its movement of translation 
is slow compared with Its velocity of rotation.’’*^ 

The properties of the atmosphere are much affected by the 
presence of v^atery vapour in it, which it acquires from contact 
with the surface of the sea, lakes, rivers and humid soil. The 
quantity which can rise into the air is limited by its tempera- 
ture (page 77)^ and comes to be deposited again from various 
causes.. The surface of the eartl;i is cooled by radiation, and 
occasions the precipitation of dew from the air in contact 
with it. Vapour is also condensed into drops, from various 
agencies within the atmosphere itself. The following are the 
principal causes of clouds and rain. V, The ascent of air in 
the atmosphere, and its consequent rarefaction, which is attended 
with cold. A cloud ^ill be observed wifhin the receiver of an 
air-pump, on the plate of which a little Water has been spilt, on 

* See the work of Colonel Roid on the Law of Storms » and AtbensBuin^ Au^rust 
2-«, 1838, (P.594.) . , 



THE ATMOSPHERE. 


ill 


making two or three rapid strokes of the pump, which is due to 
this cause. It is observed in operation in the formation of 
the clouds and mists which settle on the summits of mountains. 
The wind passing over the surface of a levol country is impeded 
by a mountiiin \ rising in the'atmosplwere thft stream overcomes 
the obstacle, and produces a cloud as it passes over the moun- 
tain, which appears stationary on its summit. 2^. The mixing 
of ojiposite currents of hot. and cold air, both saturated with 
humidity, may occasion rain, from the circumstance, first con- 
jectured by Dr. Hutton, that the currents of air on mixing andi 
attaining a mean temperature, are incapable 'of sustaining the 
mean quantity of vapour. Thus, supposing equal volumes of 
air at 60” and 40”, both saturated with* vapour, to J^e mixed ; 
the tension of vapour at the former temp^ature being the 
0.524th of an inch of mercury, and at the latter the 0.263rd of 
an inch, the mean tension is the 0.393rll of* an inch. But the 
tension of vapour at 50”, the intfirmodiate temperature is oxily 
the 0.375th of an inch ; and consequently the excess of the 
former tension, or vapour of the 0.018th of an iuch of tension, 
must condense as rain. But this is an inconsiderable cause of 
rain Compared with the next. 3”. Contact of air in*m#tion with 
the cold surface of the earth, appears td be the most usual cause 
of its refrigeration, and of the precipitation of rai?^ from it. 
The mean temperature of January in this country is about 3 i®, 
but with a south west wind the thermometer may be observed 
gradually to rise in the course of 48 boprs to 54<^. Now sup- 
posing this wind to be saturated with vapour at 54” and to be 
cooled to 340, as it is on its first arrival, the moisture which it 
will deposit is very considerable, as will appear by the following 
calculatioxi. , 

Tension of vapour, at 540 0.429 inch. 

„ dt 34” . ^ . 0.214 „ 

Condensed . . 0.215 „ 

Wh en clouds form at temperatures below 32”, the aqueous 
vapour is converted into an infinity of little needle-like crystals, 
which often diverge ftom each other at angles of 60” and 120”, 
as do also the thin crystals in freezing water. Snow dlflers very 
much in the arrangement of these spiculce, but the flakes are all 
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of the same configuration in thesame storm. Hail is also produced 
by cold, but in circumSitances ’ which are entirely diflFerent. It 
occurs only in summer or in warm climates, and when the sun 
is above" the horizon. It seenvs to be produced in a humid 
ascending current of air, greatly cooled by rarefacrtion, which 
has an upward velocity sufiicient to sustain the falling hailstones 
at the same place till they attain considerable magnitude. The 
formation of hail is always attended with thunder or signs of 
electricity ; and it has been found that small districts may be 
^ protected from its devast^itions by the elevation of many thunder 
rods. 

Analysis of air^ — A knowledge of the composition of the at- • 
mosphere followed that of its constituent gases. Various modes 
of analysis are practised: — I®. A stick of phosphorus intro- 

f^uced into a known measure of air in a graduated tube, effects a 
complete absorptioii of the oxygen in 24 hours. On afterwards 
withdrawing the phosphorus the diminution pf volume may be 
observed, which always indicates 20 or 21 per cent of oxygen. 
2‘\ A known measure of air may be mixed with a slight excess 
of hydrogen more than sufficient to combine with its oxygen, 
100 voluhies air, for example, with 50 volumes of hydrogen, 
and the mixture e^cploded in a strong glass tube of proper con- 
struction, by means of the electric spark. The , diminution in 
volume of the gases after combustion is observed ; and as oxygen 
and hydrogen unite in the exact ratio of one volume of the 
first to two volumes ofitlie second, one-third of the diminution 
represents the volume of oxygen in the measure of air employed. 
The tube used for this purpose is^ called the voltaic eudiometer. 
The eudiometer of Dr. Ure is dn excellent instrument of this 
kind. It is formed of a straight tube moderately stout, of about 
Fig. 34. l-4th or 3-8ths of an inch internal diameter, 
sealed rt one end> and about 22 inches long. 
The clpsed end of this tube being softened 
by heat, two stout platinum wires are thrust 
through the glass from opposite sides of the 
tube, so that their extreipities in the tube 
approach within one tenth of an inch of each 
other, lliese are intended for the transmission 
of the electric spark, and are retained, as if 
cemented, in the apertures of the glass when 
the latter cools. One half the tube next the 
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closed end is afterwards graduated into hundredths of a cubic 
inch, and the tube is bent in the middle, like a syphon, as repre- 
sented by a in the figure. By a little dexterity, u portion of 
the gaseous mixture to be exploded is transferred to the sealed 
limb of the instrument, at the water -or mefrcurial trough, and 
the measure noted with the liquid at the same height in both 
limbs. The mouth of the open limb may then be closed by a 
cork, which can be fixed down by soft copper wire. A chain 
being now hung to the one platinum wire, the other is pre- 
sented to the prime conductor of an electric machine, or to the . 
knob of a charged Leyden phial A, so as .to take a spark 
through the mixture, which is thereby exploded. The risk of 
the tube being broken by the explosion, which is yery consi- 
derable in the ordinary form of the eudiometer, is completely 
avoided in this instrument by the compression of the air re- 
tained by the cork in the open limb, •this ^lir acting as a recoil 
spring upon the occurrence of tlie explosion in the other lirnb. 
3'*. The combustion of the mixed gases may be determined 
without explosion by means of a little pellet of spongy 
platinum, and the experiment can then be conducted over 
mercury in an ordinary graduated tube. 4^^.. Another 
exact method of removing oxygen from air, recommended by 
Gay-Lussac, is the introduction into the air bf slips of copper 
moistened with hydrochloric acid, which absorb oxygen with 
great avidity. 5°. Lastly, a method lately practise*!! by Saus- 
sure \ in which the air is deprived of its oxygen by agitating it 
with a small quantity of water and metallic lead in thin turnings, 
which becomes white hydrated oxide of lead. All these methods 
give accurate results when conducted with proper precautions. 
The conclusion which^they have led to is, that the proportion 
of oxygen in 100 volumes of dry and pure air is not subject to 
variation, and lies between. 20.8 and i^l volumes.* It is gene- 
rally assumed as 21 volumes* which gives the proportions — 

ATMOSPHERIC AIR BY -WEIGHT. 

Oxygen ... . . 23.1 

Nitrogen . . ... . 76.9 

100.0 

Sausaure, An. de Ch.et de Ph. t. 62, p. 219. 
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Besides tihese constituents, the atmosphere always contains 
a variable quantity of watery vapour and carbonic acid gas, Tlie 
presence of the latter is observed by exposing to the air a bason 
of lime-water, which is soon covered by a pellicle of carbonate 
of lime. Its proportion's generally ascertained by,, adding ba- 
rytes-water of a known strength, from a graduated pipette, to 
a large bottle of the air to be examined 5 agitating after each 
addition, till a slip of yellow turmeric paper is made permanently 
brown by the barytes-water after agitation, which proves that 
r more of the latter has b§en added than is neutralized by the 
carbonic acid of the air. The carbonic acid is in the equivalent 
proportion (by weight) of the quantity of barytes which has 
been neuti;alized. Like every subject connected with the atmo- 
sphere, the proportion of carbonic acid which it contains has 
been ably investigated by the Saussures. The elder philosopher 
of that name detected the presence of this gas in the atmosphere 
resting upon the perpetual snc/ws of the summit of Mont Blancr, 
so that there can be no doubt that carbonic acid is diffused 
through the whole mass of the atmosphere. The younger Saus- 
sure has ascertained, by a series of several hundred analyses of 
air that tJieMlean proportion of carbonic acid is 4.9 volumes in 
10,000 volumes of air, or almost exactly 1 in 2000 volumes ; 
but it varies from 6,2 as a maximum to 3 . 7 , as a minimum in 
10,000 volumes. Its . proportion near the surface of the earth is 
greater in summer than in winter, and during night than during 
day upon an average of oaany observations. It is also ratlier 
more abundant in elevated situations, as on the summits of 
high mountains, than in the plains ; a distribution of this gas 
which proves’that the action of vegetation at the surface of the 
earth is sufficient to keep down the propQrtion of it in the at- 
mosphere, within a certain limit.’^' An enormous quantity of 
carbonic acid is discharged from the devated cones of the active 
volcanoes of America, according to the observations of Bous- 
singault, which may partly account for the high proportion of 
that gas in the upper regions of the atmosphere. The gas 
emitted from the volcanoes of the old world^ according to Davy 
and otliers, is principally nitrogen. 

Carbonic acid is a constituent of the atmosphere which is 
essential to vegetable life, plants absorbing that gas, and all 

Saustture, Ad. dc Ch. et de Ph. t. 38, p. 411, and t. 44, p. 
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of them deriving from it a part, and some of them the whole 
of their carbon. Extensive forests, such as those of the 
Landes in France, which grow* upon sands absolutely destitute 
of carbonaceous matter, derive their carbon entirely from this 
source. the oxygen of tlie carbonic adid is not retained 

by the plant, for the lignin and other constituent principles 
of vegetables, contain, it is well known, no more* oxygen than 
is sufficient to form water .with their hydrogen, and which 
indeed has entered the plant as water. The* oxygen* of the 
carbonic acid must therefore be returned in some form to the 
atmosphere. The discharge of pure oxygen gas from the 
leaves of plants was first observed by Priestley, and the general 
action of plants upon the atmosphere 'has subsequently been 
minutely studied by Sir H. Davy and Df. Daubeny. It 
appears that plants have a double action upon the atmosphere ; 
they withdraw carbonic acid from it,* appropriating the car- 
bonaceous part of that gas to fheir own wants and evolving 
its oxygen ; and they also absorb oxygen from the atmosphere 
and return carbonic acid in its place, an action corresponding 
with the respiration of animals. Of these actions the latter 
predominates during the night, and the former during the day, 
but the result of both is that plants during twenty-four hours 
yield considerably more oxygen than they consume. That 
they fully compensate for the loss of oxygen occasioned by 
the respiration of animals and other natural processes is not 
improbable. But the mass of the atinj^sphere is so vast that 
any change in its composition must be very slowly effected. It 
has indeed been estimated that the proportion of oxygen con- 
sumed by animated beings •m a century does . not exceed 
1 -7200th of the whole^ quantity. 

Other gases and vaporotls bodies are observed to enter 
the atmosphere, but none of them cfyi afterwards be detected 
in it, with the exception peDrhaps of hydrogen in some form, 
probably as the light carburetted hydrogen of marshes, of 
which Boussingault believes that he has been able to detect 
the presence of* an appreciable but exceedingly minute trace.* 
He observed concentrated sulphuric acid to be blackened when 
exposed in a glass capsule to the air, protected from dust, 
and at a distance from vegetation, which he ascribes to the 
occasional presence in the air of some volatile carbonaceous 

• An. de Ch. et Th. t 57, p. 148. 
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compound, which is absorbed and decomposed by the acid. 
Of the odoriferous principles cf plants, the miasmata of marshes 
and other matters of contagion, the presence, although suf- 
ficiently obvious to the sense of smell, or by their efiects upon 
the hitman constitution,' cannot be detected by chf mical tests. 
But it may be remarked in regard to them, that few or 
none of the compound volatile bodies we perceive entering 
the atmosphere, could long escape destruction from oxidation. 
The athiosphefe contains indeed within itself the means of 
its own purification, and slowly but certainly converts all 
organic substances exposed to it into simpler forms of matter, 
such as water, carbonic acid, nitric acid and ammonia. A1-- 
though the occasional presence of matters of contagion in 
the atmosphere il^^ not to be disputed, still it is an assumption 
without evidence, that these substances are volatile or truly 
vaporous. ^ Other ^matters of infection with which we can 
compare them, such as the fnatter of cow-pox, may be dried 
in the air, and are not in the least degree volatile. Indeed 
volatility of a body implies a certain simplicity of constitution 
and limit to the number of atoms in its integrant particle, 
which trae ^organic bodies appear not to possess. It is more 
probable that matters of contagion are highly organized par- 
ticles of 'fixed matter, which may find its way into the at- 
mosphere, notwithstanding, like the pollen of flowers, and remain 
for a time suspended ^n it; a condition which is consistent 
with the admitted difficulty of reaching and destroying those 
bodies by gaseous chlorine, and with the washing of walls 
and floors as an ordinary disinfecting practice. On this obscure 
subject I may refer to a valuable paper by the late Dr. Henry 
upon the application of heat to disinfection, in which it is 
proved that a temperature of 212^ is destructive to such con- 
tagious matters as coul4 be made the subject of experiment.* 

The 'compounds of nitrogen with oxygen are the following : — 

Nitrous oxide dr protoxide of nitrogen . . . NO 

Nitric ojdde or deutoxide of nitrogen . . . . NO^ 

Nitrous acid {hyponitrous acid of Turner) . , NO3 

Peroxide of nitrogen (nitrous acid of Turner, hj^onltric 

acid of Thenard) . . . i . . NO4 

Nitric acid . . . . . . . . NO5 

* Pbil.Mag. 2n(l Series, v. 10, p. 363, and vol. U, pp. 22, 207,*(1832.) 
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NITROUS OXIDE. 


Syn. PROTOXIDE op azote.* Eg. 277 or 22.2 j NO; densily 
1527.3; nn . ■ 

This gas was discovered by Dr. Priestley about l776y and 
studied by Davy, whose Researches, Chemical *and Philoso- 
phical,*^ published in 1809, cgntain an elaborate investigation of 
its properties and composition. Davy first observed the stimu- 
lating power of nitrous oxide when^ taken into the lungs, a 
property which has since attracted a considerable degree of 
popular attention j;o this gas. 

Preparation, — Nitrous oxide is always prepare<^ from the 
nitrate of ammonia. Some attention must be paid to the purity 
of that salt, which should contain no hydrochlorate of ammonia. 
It is formed by adding pounded carbonWe ©f ammonia to pure 
nitric acid, which, if concentrated, may be previously diluted 
with half its bulk of water, so long as there is effervescence ; 
and a small excess of the carbonate may be left at the end in 
the liquor. The solution is concentrated till its boiling point 
begins to rise above 250®, and a drop of it becomes* solid on a 
cool glass plate. On cooling, it forms a solid cake, v/hich may 
be broken into fragments. To obtain nitrouS oxide, a quantity 
of this salt, which should never be less than 6 or 8 ounces, is 
introduced into a retort, or a globular flask, called a bolt-head 


Fig. 35. a,, and heated by a charcoal 

0 choffer 5, the diffused heat of 
^ which is more suitable than 

^ f \ • the heat of a*lamp. Paper 

// ^ pasted over the cork 

bolt-head to keep it 
j/ air-tight. At a temperature 

y‘ y • not under 340® the salt boils 

J 0 a begins to undergo decom- 

j ‘ •j}^ iJeing resolved into 

^ oxide and water. As 

heat is evolved in this decomposition, which is a kind of 
combustion or deflagration, the ch6ffer must be withdrawn 
to such a distance from the flask, as to sustain only a mo- 


derate ebullition. If the temperature is allowed to rise too 
high, th^ ebullition becomes ..tumultuous, and the flask is 
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filled with white fumes, which have an irritating odour; 
and the gas which than comiss off is little more than nitrogen. 
Nitrous oxide should be collected in a gasometer or in a 
gas-holder filled with water of a temperature about 5)0^, as 
cold water absorbs much of this gas. The whole afvlt undergoes 
the same decomposition, and nothing whatever is left in the 
retort,* 

Nitrous oxide is likewise produced when the salt called nitro- 
sulj^hate of amSnonia is thrown into an acid ; and also when 
r zinc and tin are dissolved in dilute nitric acid, but the latter 
processes do not Gifford the gas in a state of purity. 

The nature of the decomposition of the nitrate of ammonia 
will be be^t explained 'by the following diagram, in which an 
equivalent of thtf salt, or 1004 parts, is supposed to be used. 
It will be observed that the three equivalents of hydrogen in the 
^ammonia are burned, * or combine with three equivalents of 
the oxygen of the nitric acid,* and form water, while the two 
equivalents of nitrogen in the ammonia and nitric acid com- 
bine with the two remaining equivalents of the oxygen of the 
latter ; — 


ftefore decomposition. 


After Recomposition. 


[677 Nitric acid. 


1004 nitrate ol ammonia. ■< 


214.r> An^inonia. 
J12.5 Water. 


( Oxygen ] 

Oxygen ] 
Oxygen 
Oxygen 
Oxygen 
Nitrogen 177* 
f Nitrogen 177*^ 
] Hydrogen 12-5 
I Hydrogen 
L Hydrogen 12.5 
Water 112.5 



t;7»277 nitrons oxide. 
;?’277 nitrous oxide. 


112.5 water. 
1 1 2.5 water. 
—. . ^ 112.5 water. 


112.5 water. 


1004 


1004 


1004 1004 


Or in symbols • 

NHg, HO -f N05=^2N0 and 4HO. 

From the diagram it appears that 1004 gife. of the salt yield 
554 grains of nitrous oxMe and 450 grains of water. One grain 
of salt yields rather more than one cubic inch of gas. 

Properties*— Niirovis oxide possesses the usual mechanical 
properties of gases, and has a faint agreeable smell. It has been 
liquefied, by, evolving it from the decomposition of the' nitrate 
of ammonia in a sealed tube, and posi^essed in the liquid state 

* For tbe preparation and properties qf this and other gases, the Elements of 
Chemlstry'(18^9) af the late Dr, Henry may becon8ulte4 with advantage. 
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an elastic force of above 50 atmospheres at 45^ The gas is formed 
by the union of a combining measure, or 2 volumes of nitrogen, 
with a combining measure, or 1 volume of oxygen, which are 
condensed into 2 volumes, the combining measure of this gas. 
The weight id a single volume, or the densfty of the gas, is 
therefore 

976+976+ 1 102.6 _ j ^.^7 a 
2 

Cold water agitated with this gas dissolves about three-fourths 
of its volume of the gas, and acquires jx sweetish taste, but, I 
believe, no stimulating properties. Bodies' which burn in air, 
burn with increased brilliancy in this gas, if introduced in a 
state of ignition. A newly blown out t*aper with red wick 
may be rekindled in it, as in oxygen. Mixed with an equal 
bulk of hydrogen and ignited by flame and the electric spark, it 
detonates violently. In all these cas*fes of combustion, the* 
nitrous oxide is decomposed, its oxygen uniting with the coiS- 
bustible and its nitrogen being set free. When transmitted 
through a red-hot porcelain tube, nitrous oxide is likewise de- 
composed and resolved into oxygen, nitrogen, and the peroxide 
of nitrogen. • . 

Nitrous oxide was supposed by Davy to combine with alka- 
lies, when generated in contact with then#, but these com- 
pounds have since been found to contain nitrosulphuric acid. 

This gas may be respired for two or three minufes without 
Inconvenience, and when the gas is uumixed with air, and the 
lungs have been well emptied of air before respiring, it induces 
an agreeable state of revery or intoxication, often accompanied 
with considerable excitement, •which lasts for a minute or two, 
and disappears without any unpleasant consequences. The gas 
from an ounce and a half or tfwo ounces of nitrate of ammonia 
is sufficient for a djse, and, it should be respired from a bag of 
the size of a large ox-bladderj and provided with a wooden tube 
of an inch internal diameter. The volume of the gas diminishes 
rapidly during the inspiration, and finally only a few cubic inches 
remain. An animal entirely confined in this gas soon dies from 
the prolonged effects of the intoxication. 
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NITRIC OXIDE. 

Syn, DEUTOXIDB OP AZOT^', DEUTOXIDE OF NITROGEN, 
BINOXIDE OF NITROGEN {Tur^cr^ NIT ROUS GAS (Priestley.) 

Eg. 277 or 30.2; NOgj density 1039.3; . 

This gas. which comes off during the action of nitric acid 
upon most metals, appears to have been collected by Dr. Hales, 
the father of pneumatic chemistry, but its properties were 
first minutely studied by ' Dr. Priestley. 

Preparation . — Nitric oxide is easily procured by the action 
of nitric acid diluted to the specific gravity 1.2, upon sheet 
copper clipped into small pieces. As no heat is required, this 
gas may be evolved like hydrogen from a gas bottle (page 257.) 
Mercury may be substituted for copper, but it is then necessary 
tcf apply a gentle heat to the materials. This gas may be 
collected and retained over water without loss. 

In dissolving in nitric acid, the copper takes oxygen from 
one portion of acid and becomes oxide of copper, which 
combines, with another portion of acid, and forms the 
nitrate of copper, the solution of which is of a blue colour. 
The portion of nitric acid which is decomposed, losing three 
equivalents of oxygen and retaining two, appears as nitric 
oxide gas*' This is more clearly shown in the following 
diagram ; — 


ACTION OF NITRIC ACID UPON COPPER. 

Before decomposition. * ^ t After decomposition. 


67? Nitric acid 


396 Copper . 
677 Nitric add 
V, S96.Copper . 
677 Nitric acid 
396 Copper . 
677 Nitric add 


Nitrogen . 177— “■"•::^;''377 Nitric oxide. 
Oxygen . 100."^/ 

I Oxygen 
Oxygen 
Oxygen 
'Oxygen 
Copper — _ 

Nitric acid 677 1 1 73 Nitrate of copper. 

Copper . 396 

Nitric lecid 677 — ^ 1173 Nitrate of copper. 
Copper . 396 
Nitric acid 677* — ^^1173 Nitrate of copper. 
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Or in symbols : — 

4NO5 and 3 Cu== 3 (Ou 6, NO5) and NO2. 

Properties. — ^This is colourless, but wl^en mixed with air 

it produces Tuddy fumes of the peroxide of nitrogen, f It is 
irritating, and causes the glottis to contract spasmodically 
when an attempt is made to respire it. Nitric^ oxide has 
never been liquefied : water ht 60® according Jb Dr. Henry, 
takes up only 5 or 6 per cqnt of this gas. It is formed of one 
combining measure of nitrogen or 2 •volumes, and two com- 
bining measures of oxygen or 2 volumes, united without con- 
densation, so that the combining measure of nitric oxide 
contains 4 volumes. The weight of one voluiqp, or tbe density 
of the gas, is therefore 

976+976+n02.6>fll02.6 _j^Q*^ij 3* 

This gas is not decomposed by a low red heat. 

Many combustibles do not burn in nitric oxide, although 
it contains half its volume of oxygen. A lighted candle and 
burning sulphur are extinguished by it 5 mixed witii hydrogen, 
it is not exploded by the electric spark or by flame, but it 
imparts a green colour to the flame of hycfrogen burning in 
air. Phosphorus and charcoal, however, introduced in a 
state of ignition into this gas, continue to burn witTi increased 
vehemence. The state of combination of the oxygen in this 
gas appears to prevent that substance lirom uniting with com- 
bustibles, unless, like the two last mentioned, they evolve so 
much heat as to decompose the nitric oxide. Several of the 
more oxidable metals,^ such as iifon,‘ withdraw the half of the 
oxygen from this gas, when in cbntact with it, and convert 
it into nitrous oxide. 

No property of nitric oxfde is more remarkable than its 
attraction for oxygen, and it may be employed to separate 
this from all other gases. Nitric oxide indicates the presence 
of free oxygen iifa^seous mixture, by the appearance of fumes 
which are pale and yellow, with a small, and reddish brown/ 
and dense with a large proportion of the latter gas ; and also 
by a subsequent con^r^tion of the gaseous volume, arising 
from the absorplibn of these fumes by water. Added in 
sufficient quantity, nitric oxide wfll thus withdraw oxygen most 
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completely from any mixture. But notwithstanding this pro- 
perty, nitric oxide cannot be* employed with advantage in the 
analysis of air or similar mixtures, for the contraction which 
it occasions does not afford certain data for determining the 
proportion of oxygen which has disappeared. Citric oxide 
is capable of combining with different proportions of oxygen, 
a combining measure or 4 volumes of the gas uniting, in such 
experiments, with 1, 2 or 3 volumes of oxygen, and forming 
nitrous acid, jJeroxidc of nitrogen or nitric acid, or several 
> of these compounds at tli/^ same time. 

This oxide of' nitrogen, like the preceding, is a neutral 
body, and has a very limited range of affinity. A substance 
is left on/ igniting th^ nitrate of potash or barytes, which 
was supposed to be a compound of nitric oxide with potassium, 
or barium, but Mitscherlich finds it to be either the caustic pro- 
toxide itself or the 'peroxide of the metal. But nitric oxide 
is absorbed by a solution of the sulphate of iron, which it 
causes to become blacky the greater part of the gas may be 
expelled again by boiling the solution. All the soluble proto- 
salts of iron have the same property, and the nitric oxide 
remains attkched to the oxide of iron when precipitated in 
the insoluble salts of that metal. The proportion of nitric 
oxide in these combinations is found by Peligot to be definite ; 
one eq. of j:he nitric oxide to four of the protoxide of iron ; or, 
the nitric oxide contains the proportion of oxygen required to 
convert the protoxide jftto peroxide of iron.=^ Nitric oxide 
is also absorbed by nitric acid. With sulphurous acid nitric 
oxide forms a compound which , will ' be more particularly no- 
ticed under that add. 


NITROUS ACID. 

Syn . AZOTOUS aoid (I’henard,) «yponitrous acid (Turner.) 
jEs.477 or38.2 }NOs/ 

The direct mode of forming this compouikd is by mixing 
4 volumes of nitric oxide with 1 volume of oxygen, both per- 
fectly dry, and exposing ihe mixture to a great degree of cold. 
The gases unite and condense into a Kqjiid of a green colour, 
which is very volatile, and forms a deep reddish y^ow coloured 

♦ An. de Ch. et de Ph. t. 54, p. 17. 
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vapour. » Nitrous acid prepared in this way is decomposed 
at once when thrown into water ; an effervescence occurring 
from the escape of nitric oxidej and nitric acid being produced 
which gives stability to a portion of the nitarous acid. Nitrous 
acid cannot J)e made to unite *<firectly with alkalies and earths, 
{probably owing to the action of water first described. But 
when oxygen gas is mixed with a large excess of nitric oxide, 
in contact with a solution of caustic potash, the -gases were 
found by Gay-Lussac always to disappear in the proportions 
of nitrous acid, which was produced and entered into cornbi- 
•icition with the potash, forming a nitrite of* potash. Similar 
nitrites may also be produced by calcining the nitrate of potash 
till the fused salt becomes alkaline*; or by foiling the 
nitrate of lead with metallic lead. The nitrite of potash may 
be dissolved and filtered, and the solution precipitated by ni- 
trate of silver ; a process which gives th% nitrite of silver, a sdt^ 
possessing a sparing degree of solubility like that of cream of 
tartar, but which ^may be purified by solution and crystal- 
lization, and then affords a ready means of obtaining the other 
nitrites by double decomposition (Mitscherlich.) When free 
sulphuric acid is added to a solution of nitrite of silver, the li- 
berated nitrous acid is immediately resolved into nitric acid and 
nitric oxide. The subnitrite of lead, on the \)ther hand, may 
be decomposed by the bisulphate of potash or soda to obtain a 
neutral nitrite of one of these bases (Berzelius.) 

Nitrous acid is also capable of combkiing with several acids, 
in particular with iodic, nitric, and sulphuric acids. Its combi- 
nation with the last is a crystalline solid of specific gravity 1.831, 
which is of considerable iutercst-from its occurrence in the ma- 
nufacture of sulphuric^ acid. According to the analysis of 
Gaultier de Claubry, its constituents are 5 eq. of sulphuric acid, 

2 of nitrous acid and 4 of wa4:er. When moist sulphurous acid 
gas and peroxide of nitrogen afe in contact, this crystalline com- 
pound is formed, the sulphurous acid gaining the oxygen which 
the other loses. A little nitrogen appears at the same time, so 
that a portion of fhe peroxide of nitrogen must be completely 
decomposed. If ttfe crystalline compound comes in contact 
with steam or a small quantity of watef, the sulphuric acid com- 
bines exclusively withWe water, and the liberated nitrous acid 
is resolved into nitric oxide and peroxide of nitrogen, both of 
which escape as gas. But with a large quantity of water a por- 
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tion of the nitrous acid is always decomposed into nitric oxide 
gas and nitric acid.’^ « r 

It must be admitted that sonfe obscurity still hangs over the 
nature of this acid, when uncombined, the formation of the 
nitrites by Gay-Eussae’e process appearing to boj^ incompatible 
with the properties ascribed to the free acid by Dulong. Its 
tendency to combine with acids has already been noticed as as- 
similating this compound of nitrogen to arsenious acid and the 
oxide of antimony (page 146.) 


PEROXIDE OF NITROGEN. 

Syn, NITROUS acid {Turner^ hyponitric acid, ni trous 
GAS {Berzelius, 'y Eg. 577 or 4G.2 ; NO 4 ; density 8181.2; I I ! . 

This compound form-cs the principal part of the ruddy fumes 
\Vnich always appear on mixing nitric oxide with air. As it 
cannot be made to unite either directly or indirectly with bases, 
and has no acid properties, any designation for this oxide of 
nitrogen which implies acidity should be avoided, and the name 
nitrous ^cid in particular, which is applied on the continent to 
the preceding compound. The name peroxide of nitrogen ib 
more in accordance with the rules generally followed in naming 
such compounds. 

Preparation. — When 4 volumes of nitric oxide and 2 of 
oxygen, both perfectly (Jry, are mixed, this compound is alone 
produced, and the 6 volumes of mixed gases are condensed into 
2 volumes, which ifaay be considered the combining measure of 
peroxide of liitrogen. The weight of 1 volume, or the density 
of this gas must therefore be 

l O3&.x8l+n02 6 x2_^2Q2 2 
2 
I 

The peroxide of nitrogen is also contained in the coloured and 
fuming nitric acid of commerce, and may be obtained in the 
liquid condition, by gently warming that acid,^ and condensing 
the vapour wfiich comes over, by transmitting it through a glass 
tube surrounded by ice and salt. But it is prepared with most 
advmitage from tbe nitrate of lead, the„ crystals of which, after 
being pounttod atsd dried, are distilled in a retort of stoneware 


* An. de Ch. et dc Pb. t. 4&, p. 284. 
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or hard glass, at a red heat, and the red vapours condensed in 
a receiver kept very cold by a freeTAng Jhixture. Oxygen gas 
escapes during the whole process, the nitric acid of the nitrate 
of lead being resolved into oxygen and peibxide of nitrogen; 
or N05=N4)4 and O. As obtained hf the last process, which 
was proposed by Dulong, peroxide of nitrogen is a highly vo- 
latile liquid, boiling at 82®, of a red colour at the usual 
temperature, orange yellow • at a lower temjperature, and 
nearly colourless below zero, of density 1.451, and a white 
solid mass at — 40®. It is exceedingly corrosive, and like 
nitric acid stains the skin yellow. The red bolour of its va- 
pour becomes paler at a low temperature, but with heat in- 
creases greatly in intensity, so as to appear quite opaque when 
in a considerable body at a high temperature. It is the vapour 
which Brewster observed to produce so many dark lines in the^ 
spectrum of a ray of light which had passed through it (page 94,) 
The peroxide is not decomposed by a low red heat, and appears 
to be the most stable of the oxides of nitrogen. No compound 
of it is known, unless peroxide of nitrogen be the radical, as 
some suppose, of nitric acid. But Berzelius is inclined to con- 
sider this oxide as itself a compound of nitric and nitrodis acids, 
for N05 -hN03=2N04.^ 

The liquid peroxide of nitrogen is partially decomposed by 
water, nitric oxide coming off with effervescence, ancVmore and 
more nitric acid being produced, in proportion to the quantity of 
water added ; but a portion of the per5»ide always escapes this 
action, being protected by the nitric acid formed. In the pro- 
gress of this dilution the liquid undergoes seven^l changes of 
colour, passing from red to yellow, from that to green, then 
to blue, and becoming at last colourless. The peroxide of ni- 
trogen is readily decomposed iJy the more oxidable metals, and 
is a powerful oxidizing agent.* 

NrrRIC ACID. 

8yn. AZOTIC acid {Thenard.) Eg. 677 I NO 5 ; does not exist 
except in combinaiion. 

A knowledge of this highly important acid has descended from 
the earliest ages of chemistry, but its composition was first 

* Traits de Chimie, j^ar J. J« Rt'rzeliua, tradnit parB. Valerius, Bruxelles, 1838, 
t li p. An excellent edition of the most valuable system of chemistry which 
ve at present possess. 
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ascertained by Cavendish, in 1785. He succeeded in forming 
nitric acid from its eldments,‘ by transmitting a succession of 
electric sparks during several days, through a small quantity of 
air, or tlirough a mijfture of 1 vojume of nitrogen and 2 J volumes 
of oxygen, confined in d small tube over water, or over solu- 
tion of potash ; in the last case the absorption of the gases was 
complete and nitrate of potash was obtained. A trace of this acid 
in combination with ammonia has^ been detected in the rain of 
thunder storms*^ produced probably in the same manner. It was 
also observed by Gay-Lussac to be the sole product when nitric 
oxide is added, iii a gradual manner to oxygen in excess over 
w^ater ; the gases then unite and disappear in the proportion of 4 
volumes of the former to 3 of the latter. It is also a consti- 
tuent of the salt,* nitre or saltpetre, found in the soil of India and 
, Spain, which is a nitrate of potash, and also of nitrate of soda 
w^hich occurs in large quantities in South America. ' 

Preparation* — ^This acid cannot exist in an insulated state, 
but is always in combination with water, as in aqua fortis or 
the hydrate of nitric acid, or with a fixed base, as in the 
ordinary nitrates. The hydrate, (which is popularly termed 
nitric acrd,)Ms eliminated from nitrate of potash by means of oil 
of vitriol, which is itself a hydrate of sulphuric acid. That acid 
unites with potash, in this decomposition, and forms sulphate 
of potash,, displacing nitric acid, which last brings off dn com- 
bin^ion with itself the water of the oil of vitriol. There is a 
gre* advantage, first pofated out by Mr. Phillips, in using two 
equivalents of oil of vitriol to one of nitrate of potash, which is 
9^ of tlie forpier to 100*of the letter, or nearly equal weights. 
The acid and salt, in these proportions, are introduced into a 
capacious plain retort, provided with . a flask as a receiver. 
Upon' the application of heat, a little of the nitric acid first 
evolved undergoes dec<?mposition,' and red fumes appear, but 
soon the vapours become nearly colourless, and are easily , con- 
densed in the receiver. During the whole distillation, the tem- 
perature need not exceed 260®. The mass remains pasty till all 
the nitric acid iar disengaged, and then enters into fusion ; red 
vapours again appearing towards the end of the process. H the 
neck of the retort now be Seated, the residuary salt, whjiJc still 
fluids may be poured out into a basop; it is the bisulphate of 
potash, ivhich may be used for different purposes after it has 
solidified. The rationale of this important process is exhibited 
in the folfowng diagram — 
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PROCESS FOR NITRIC ^CID. 


Before decomposition. 
12(7 Nitrate of potash. 

613.r> Oil of vitriol. 
G13.6 Oil of vitriol. 


After decompositinn. 

J Nitric acid . 677 789.6 Nitric acid and water. 

. 690. 


[ Potash 
r Water 


I, Sulphuric acid .lOl 
Oil of vitriol . 613.5 

2494 



1091 Siilphatp of potash \ hlgul. of 
OIS,.*) Sulphate of water, j potash. 


2494 


In this operation twice as much sulphuric acid is employed, 
as is required to neutralize the potaslp of the nitre, by which 
means the whole nitric acid is eliminated without loss at a mo- 
derate temperature, and a residuary salt is left which is easily 
removed from the retort. 

With half the preceding quantity, or a single equivalent of oil 
of vitriol, the materials in the retort aje apt to undergo a vesi^ 
cular swelling, upon the application of heat, and to pass i«Lto 
the receiver. Abundance of ruddy fumes are also evolved, that 
are not easily condensed, and prove that the nitric acid is de- 
composed. The temperature in this process must also b^ raised 
inconveniently high towards the end of the operation, in order 
to* decompose the whole nitre. The peculiarities of tlte decom- 
position here arise from the formation of bisu^phate of potash in 
the operation, the whole sulphuric acid uniting in the first in- 
stance with half the potash of the nitre. Now, it ifwonly at au 
elevated temperature that the acid salt thus formed Can decom- 
pose the reniaining nitre ; a temperature ^hich is sufficient to de- 
compose nitric acid, as may be proved by transmitting the vapour 
of the concentrated acid through a tube heated to th^ same degree. 

Properties.— The acid prepared by the first process is colour- 
less or has only a straw yellow tint. If the oil of vitriol has 
been in its most concentrated condition, which is seldom the 
case, the nitric acid is in its^'state of highest concentration also, 
and contains no more than a single equivalent of water, accord- 
ing to Mitscherlich. The density of this acid is 1.522 at 58® ; 
but a slight heat,disengages a little peroxide of nitrogen from it, 
and its density becomes 1.521. It boils at 187^ but when dis- 
tilled, it is partially decomposed by tfie heat and affords a pro- 
duct of a strong yelio’y colour. Its vapour transmitted through 
a porcelain tube, heated to dull redness, is decomposed in a 
great measure Ifito oxygen - and peroxide of nitrogen ; and into 
oxygen and nitrogen j 2 :ases, tube is heated to white- 
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ness. The colourless liquid acid becomes yellow, when exposed 
to the rays of the sun, and loosening the stopper of the 
bottle, it is sometimes projected with force, from the state of 
compression of t|ie disengaged, oxygen. Hence to preserve 
this acid colourless it must be kept in a covered boStle. It con- 
geals at about — 40®, but diluted with half its weight of water, 
it becomes solid at 1^®, and with a little more water its freezing 
point is again lowered to —45®. Exposed to the air the concen- 
trated acid fumes, from the condensation by its vapour of the 
moisture in the atmosphere. It also attracts moisture from 
damp air, and increases in weighty and when suddenly mixed 
with 3-4ths of its weight of water, may rise in temperature from 
60® to 140* . 

Nitric acid has a great aiEnity for water, and diminishes in 
density with the proporjtion of water added to it. A table has 
hoftn constructed by Dr. Ure, in which the per centage of abso- 
lute acid is expressed in mixtures of various densities, which is 
useful for reference and will be given in an appendix. There 
are several definite hydrates of this acid. The most concen- 
trated acid contains a single equivalent of water ; a second acid 
appears fo exist, having a density of about 1.48, which contains 
two of water, and forms the nitric acid which has little or no 
action upon tin, iron and some other metals ; there is still a third 
acid of deasity 1.42, which contains four equivalents of water. 
Thisdast hydrate was found by Dr. Dalton to have the highest 
boiling point of any hydrate of nitric acid, namely 248®, and 
both weaker and stronger acids are brought to this strength by 
continued ebullition, the former dosing water and the latter acid. 
The density of the vapour of this hydrate is found to be 1243 by 
A. Bineau, and it contains 2 volumes^ of nitrogen, 5 volumes of 
oxygen and 8 volumes of steam condensed into 10 volumes, 
which are therefore the combining measure of this vapour.* 

Nitric acid is exceedingly conrosive, and one of the strongest 
acids, yielding only in that 'respect to sulphuric acid. The &d- 
lity wi^ which it parts with its oxygen,’ renders it v$ry proper 
for oxidating bodies in the humid way, a purpose for which it is 
constantly employed. Nearly all the metals are oxidized by 
means of it; some of them Wfth extreme idoience, such as cop- 
per, mercury and zinc, when the concentrated acid is used j and 

* An. de Ch. et dc Pii. t. 6S, p. 418. 
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tin and iron by the acid very slightly diluted. Poured upon red 
hot chai’coal, it causes a brillijpni combustion. When mixed 
with a fourth of its bulk of sulphuric acid, and thrown upon a 
few drops of oil of turpentine, it occasions an ^plosive combus- 
tion of the oif. Sulphur digested in nitric acid at the boiling 
point is raised to its highest degree of oxidation ^nd becomes 
sulphuric acid ; iodine is also converted by it into iodic acid. 
Most vegetable and animal siibstances are converted by dilute 
nitric acid into oxalic, malic and carbonic acids. It stains the 
cuticle and nails of a yellow colour, and has the same effect 
upon wool ,* the orange patterns upon woollen* table covers are 
produced by means of it. In the undiluted state it forms a 
powerful cautery. 

In acting upon the less oxidable metals, such as copper and 
mercury, nitric acid is itself decompose^, and nitric oxide gas^ 
produced, which comes off with effervescence. Palladium ai^d 
silver when they are dissolved by the acid in the cold, produce 
nitrous acid in the liquor and evolve no gas, but this is very 
unusual in the solution of metals by nitric acid. Those metals, 
such as zinc, whicli are dissolved in diluted acids with the evo- 
lution of hydrogen, act in two ways upon nitric acid ; solnetimes 
they decompose it, so as to disengage a mixtiye of peroxide of 
nitrogen and nitric oxide, and at other times they decompose 
both water and nitric acid at once, in such proportions that the 
hydrogen of the water combines with the nitrogen of the acid 
to form ammonia, which last combines with another portion of 
acid, and is retained in the liquor as nitrate of ammonia. The 
protoxide of nitrogen is also evolved when zinc is#dissolved in 
very feeble nitric acid, which may arise from the action of hy- 
drogen upon nitric oxide. Njtric acid, in its highest state of 
concentration, exerts no violent action upon certain organic 
substances, such as lignin or n^oody fibrt and starch, for a short 
time, but unites with them and forms stogular compounds. A 
proper acid for such experiments is procured with most certain- 
ty by distilling 100 parts of nitre, with no more than 60 parts of 
the strongest oil of vitriol. If paper is soaked for one minute in 
such an acid, and afterwards washed with water, it is found to 
shrivel up a little and become nearly^s tough as parchment, and 
when dried to be remarkably inflenunable, catching fire at so low 
a temperature as* 356®, and buminar without anv nitrous odour. 
(Pelouze.) 
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Nitric add forms an important class of salts, the nitrates, 
which occasion deflagration wh^n fused with a combustible at 
a high temperature, from the oxygen in their add, and are re* 
markable as a clas^ for their general solubility, no nitrate being 
insoluble in water. The nitrate of the black oxide Sf mercury is 
perhaps the test soluble of these salts. In neutral nitrates the 
oxygen in the acid is always five times that in the base. The 
nitrates of pcrffish, soda, aramonfa, barytes and strontian, are 
anhydrous ; but the nitrates of the extensive magnesian class of 
oxides all contain water hi a state of intimate combination, one 
equivalent at least of it appearing to be inseparable from the 
salt, and they have a formula analogous to that of hydrated ni- 
tric acid, 6r the .nitrate of water itself. The nitric acid of sp. 
gr. 1.42 appears to be the proper nitrate of water, and of the 
/our atoms of water which it contains, one is combined with 
the acid as base, and may be nanied water, while the other 
three are in combination with the nitrate of water, and may be 
termed the constitutional water of that -salt. The same three 
atoms of constitutional water are found in all the magnesian ni- 
trates, with addition often of another three atoms of water, 
as appears from the following forraulie • 

Nitric acid, 1.42. . • . HO, NO^+SHO 

Prismatic nitrate of copper. . CuO, NOg-f-SHO 
Rhombdflal nitrate of copper. . CuO, NOg-fSHO+SHO 

Nitrate of magnesia. . . MgO, NOg+SHO-f 3HO 

The iiroportion of water in the nitrate of magnesia may be re- 
duced, by heating the salt, to one atom, leaving the compound 
MgO,N 05 -fHO; but on urging the temperature still higher, 
the last atom of water and the acid are expelled together, and 
magnesia is left behind, neither tljis nor uny .other nitrate <if the 
magnesian class being capable of existing without an atom of 
water. The nitrates of t&e potash and magnesian classes do not 
combine together, and lio double nitrates are known, nor ni- 
trates with excess of acid. The nitrates with excess of metallic 
oxide> whieh are called subnitrates, appear to be formed on the 
type of the inagnesian class : the subnitrate of copper, being 
HO, NOg+SCuG, or nitrate of water with three atoms of 
constitutional oxide of copper; while theinitrate of red oxide of 
mercury is HgO, NOg + HgO, or it resembles the nitrate of 
magnesia which has l^en strongly dried, MgO, NOgH-HO* 
(Kane.) 
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Nitric acid itt a solution cannot be detected by precipitating 
that acid in combination with ,any base, as the nitrates are all 
soluble, so that tests of anotlier nature must be had recourse 
to, to ascertain its presence. A highly diluted solution of sul- 
phate of indfgo may be boiled without change, but on adding to 
it at the boiling temperature, a liquid containing f^ee nitric acid, 
the blue colour of the indigo is instantly destroyed. If it is a 
neutral nitrate which is tested, a little sulphuric^ acid should be 
added to the solution, to liberate the nitric acid, before mixing 
it with the sulphate of indigo. It is also necessary to guard 
against the presence of a trace of nitric acid in the sulphuric 
acid. Another test of the presence of nitric acid has lately been 
proposed by de Richemont. The liquid containing* tlie nitrate 
is mixed with rather more than an equal bulk of oil of vitriol, 
and when the mixture has become coo^ a few drops of a strong 
solution of protosulphate of iroq are addeef to it. Nitric ox’de 
is evolved, and combines with the protosulphate of iron, pro- 
ducing a rose or purple tint even when the quantity of nitric 
acid is very small. One part of nitric acid in 24,000 of water 
has been detected in this manner. Free nitric acid also is 
incapable of dissolving gold-leaf, although heateif ujlon it, but 
acquires that property when a drop of hydrocjilorio acid is added 
to it. But in testing the presence of this acid, it is always 
advisable to neutralize a portion of the liquor with potash, and 
to evaporate so as to obtain the thin prismatic crystals oi 
nitre, which may be recognized by iJieir form, by their cooling 
nitrous taste, their power to deflagrate combustibles at a red 
heat, and by the characteristic, action of the acid they contain, 
when liberated by sulphuric acid, upon copper and other metals, 
in which ruddy nitrous fame,s are produced.^ If nitric acid be 
rigidly .pure, it may be diluted with distillen water, and is not 
disturbed by nitrate of sUvqp, 4or by chloride of barium, the 
first of which detects the presence •of hydrochloric acid by 
producing a white precipitate of chloride of silver; the last 
detects sulphurie acid by forming the white insoluble sulphate 
of barytes. The Aiming nitric acid may be freed firom hydro- 
chloric acid, by retaining it warm on a sand-bath for a day or 
two, when the chloiiRe*of the hydrochloric acid goes off as gas. 
To free it from sulphuric, it should be diluted with a little 
water, and distilled from nitrate of barytes ; but the process for 
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nitric add which has been described gives it without a trace of 
sulphuric acid, when carefully conducted. 

Uses. Nitric acid is sometimes used in the fumigations re- 
quired for contagipils diseases, «paTticularly inwards of hospi- 
tals from which the patients are not removed, the fames of this 
acid being greatly less irritating than those of chlorine. For 
the purpose of fiimigation pounded nitre and concentrated sul- 
phuric acid arc used, being heated together in a cup. Nitric 
acid is par excellence the solvent of metals, and has other most 
^ numerous and varied applications not only in chemistry, but 
likewise in the art's and manufactures, 

SECTION IV. 

CARBON. 

i'lq. 76.4 i or 6.13 j (75.6 or 6.05, Dr. Clark^) C; density of 
vapour {hypothetical) 421.5. 

Carbon is found in great abundance in the mineral kingdom 
united with other substances, as in coal of which it is the basis, 
and in the ^cid of carbonates ; it is also the most considerable 
clement of the solid parts in both animals and vegetables. It 
exists in nature or*>may be obtained by art, under a variety of 
appearances, and possessed of very different physical proper- 
ties. Carbon is a dimorphous body, occurring crystallized in 
the diamond and graphite in wholly different forms, and when 
artificially produced fortning several amorphous varieties of 
charcoal which are very unlike each other. 

Diamond . — This valuable gem found throughout the range of 
the Ghauts in India, but chiefly at Golconda, in Borneo and 
also in Brazil. It is always associated with transported mate- 
rials, such as rolled gravel, and ha/s never been found in situ, 
so that its origin is doubtful, although it is now generally sup- 
posed to have been prottuced by the slow decomposition of 
vegetable matter. On removing the cirust with which the crys- 
tals are covered, they are exceedingly brilliant, refract light 
powerfully, and are generally perfectly transparent, although 
diamonds are sometimes black, blue and of a beautiful rose- 
colour. The primitive form of diamond is the regular octohe- 
dron, or two four-sided pyramids, of which the faces are equi- 
lateral triangles, applied base to base. It is also often found in 
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figures bounded by 48 curved triangular faces, but can always 
be cleaved in the direction of the Ihces of*the octohedron, which 
possess that particular brilliancy characteristic of the diamond. 
The diamond is the hardest of gepis. A^edge of its crystal 
formed by fl3t planes only scratches glass, but if the edge is 
formed of curved faces, like the edge of a convex Jens, it then, 
besides abrading the surface, produces a fissure to a small depth, 
and in the form of the glazier’s diamond is used to cut glass. 
The diamond is remarkably indestructible, and may be heated 
to whiteness in a covered crucible without injury, but it begins 
to burn in the open air, at about the meltiifg point of silver, 
charcoal sometimes appearing on its surface, and is entirely 
converted* into carbonic acid gas. It is more quickly* consumed 
in fused nitre, when the carbonic acid is retained by the potash; 
this is a simple mode of analyzing the diamond, by whicl^ 
it has been proved to be perfectly pure carbon. The diamand 
is a non-conductor of electricity. Its density varies from 3.5 to 
3.55. 

Graphite . — ^This mineral, which is also known as black lead 
and plumbago, occurs in rounded masses deposited in beds in 
the primitive formations, particularly in granite, micai^hist and 
primitive limestone. Borrbwdale in Cumberl|ind is a celebrated 
locality of graphite, and affords the only specimens which are 
sufficiently hard for making pencils. It is occasionally found 
crystallized in plates which are six-sided tables. Graphite may 
also be produced artificially, by putting .an excess of charcoal in 
contact with fused cast iron, when a portion of the carbon dis- 
solves, and separates again on. cooUng, in the form of large and 
beautiful crystalline leaflets, in the condition of graphite, car- 
bon is perfectly opaque^ soft to the touch, possessed of the me- 
tallic lustre, and of a specific gravity about 2.5. It always con- 
tains a small quantity of iron, often amounting to 5 per cent, 
but in some specimens, as in those front Barreros in Brazil, not 
more than a trace, which is to be considered an accidental con- 
stituent, and not essential to the mineral. Neither in the form 
of diamond nor graphite does carbon exhibit any indication of 
fusion or volatility under the most intense heat. Anthracite is 
nearly pure carbon, |;)ut always contains a portion of hydrogen, 
and is more analogous to poal than tp graphite. ’ 

CharcoaL—Omki% tcf its infuSibility carbon presents itself 
under a variety of aspects, according to the structure of the 
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substance from which it is derived, and the accidental circum- 
stances of its preparation. 'T|ie following are the principal 
varieties : gas-carbon, lamp black, wood charcoal, coke, and 
ivory black. e* 

1®. Gas-carbon has the metallic lustre, and a deftsity of I. 70 ; 
it is compact^ generally of a mammillated structure, but some- 
times in fine fibres, and considerably resembles graphite, but is 
too hard to give a streak upon paper. It is the product of a 
slow deposition of carbon from coal gas at a high temperature 
and is fi*equently found to line the gas retorts to a considerable 
thickness, and to 'fill up accidental fissures in them.* 

2 ®. Lamp black is the soot of imperfectly burned combusti- 
bles such h.s tar or resin. Carbon is deposited in a powder of 
the same nature, when alcohol vapour or a volatile oil is trans- 
;nitted through a porcelain tube at a red heat ; and the lustrous 
clu>rcoal which is obtained on calcining starch, sugar and many 
other organic substances, which fuse and afford a bright vesi- 
cular carbon of a metallic lustre, is possessed of the same cha- 
racters. It is deficient in an attraction for organic matters in 
solution, which ordinary charcoal possesses. 

3®. WOocl charcoal. Wood was found by Karsten to lose 
57 per cent of its, weight when thoroughly dried at 21 ^^ and 10 
per cent more at 304®, The remaining 33 parts of baked wood 
aflForded, when calcined, 25 of charcoal, while 100 parts of the 
same wood calcined, without being previously dried, left only 
14 per cent of carbon, c 'it is the absence of this large quantity 
of water which causes the heat of burning charcoal to be so 
much more intense than that of wood. When calcined at a 
high temperature, charcoal beconies dense, hard and less inflam- 
mable. The knots in wood sometimes afford a charcoal which 
is particularly hard, and is used in polishing metals, but it con- 
tains silica. From the minuteness^of its pores, the charcoal of 
wood absorbs many times its volume of the more liquefiable 
gases, such as ammoniacal gas, hydrochloric acid, sulphurated 
hydrogen and carbonic acid, condensing 35* volumes of the 
last. It also absoris moisture with avidity from the atmos- 
phere, and other condensijble vapours, such as odoriferous efflu- 
vi®# From this last property freshly ea^pined charcoal, when 
wrapt up in clothes which have contracted a disagreeable odour, 

Dr.^Colquboun, Anpals of Philosopl^, New Series, vol 12, p, 1. 
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destroys it, and has a considerable effect in retarding the pu- 
trefaction of organic matter with * which nt is placed in contact. 
Water is also found to remain •sweet, and wine to .be improved 
in quality if kept in casks of which the inside has been charred. 
In the state ^f a coarse powdeV* woefd •charcSal is particularly 
applicable as a filter for spirits, which it deprives of the essen- 
tial oil which they contain. It is much less destructible by 
atmospheric agencies than wood, and hence the points of stakes 
are often charred, before being driven into the ground, in order 
to preserve them. ^ 

4®. The coke of those species of coal, which do not fuse 
when heated, is a remarkably dense charcoal, considerably re- 
sembling that of wood, and of great value as fuel^ from the 
liigh temperature which can be produced by nts combustion. 
When burned it generally leaves 2 or 3 per cent of earthy 
ashes, while the ashes from wood charcoal seldom exceed 1 per® 
cent. • 

5®. Ivory black, bone-charcoal and animal charcoal ate names 
applied to bones calcined or converted into charcoal in a close 
vesbcl. The charcoal thus produced is mixed with not less 
than 10 times its weight of phosphate of lime, and b^ing in a 
state of extreme division, exposes a great deal of surface. It 
possesses a remarkable attraction for organic Colouring matters, 
and is extensively used in withdrawing the colouring matter 
from syrup, in the refining of sugar, from the solution of tar- 
taric acid, and in the purification of mmy other organic liquors. 
The usual practice, which was introduced by Dumont, is to 
filter the liquid to be discoloured, through a bed of this char- 
coal, in grains of the size of those of gunpowder, And of two or 
tliree feet in thickness. It is found that the discolouring power 
is greatly reduced by dissolving out the phosphate of lime from 
ivory black by an acid, although this must be done in certain 
applications of it, as when it Is used to* discolour the vegetable 
acids. A charcOal possessed of the same valuable property 
even in a higher degree for its weight, is produced by calcining 
dried blood, hoAis, hoofs, clippings of hides, in contact with 
carbonate of potasli, and washing the calcined mass afterwards 
with wat0r. ,Slven vegetable matters afford a charcoal, pos- 
sessed of con»i4®rablfi mscolouring power, if mixed with chalk, 
calcined flint oif any other earthy powder, before being car- 
bonized. One hundred parts of pipe clay made into a thin 



302 Iarbon. 

paste 'with water, and well mixed with 20 parts of tar and 500 
of coal finely pulveriz^sd, have been found to afford, after the 
mass was dried and ignited ont'^of contact with air, a charcoal 
which was little inferior to bone-black in quality. When char- 
coal which has be^n once used iii such a filter, is calcined again, 
it is found to possess very little discolouring power. This is 
owing to the* deposition upon its surface of a lustrous charcoal, 
of the lamp black variety, prodqced by the decomposition of 
the organic colouring matters, which has little or no discolouring 
power. But if the charcoal of the sugar filters be allowed -to 
ferment, the foreign matter in it is destroyed-; and if afterwards 
well washed with water and dried, before being calcined, it 
will be fou,nd to recover a considerable portion of its original 
discolouring power. 

Bussy has constructed, from observation, the following table 
V)f the efficiency of the 'different charcoals. These substances 
are compared with ivory black, as being the most feeble species, 
although this is superior by several degrees to the best wood 
charcoal. The relative efficiency, it will be observed, is not 
the same for two different kinds of colouring matter ; 


Species of Charcoal 
saiue weight. 

lUiative Deco* 
loration of sul> 
phate of Indigo. 

Relative Deco- 
loration of 
S>TUp. 

Blood charred with carbonate of potash . 

Blood charred* with chalk. 

50 

20 

18 

11 

Blood charred with phosphate of lime 

12 

10 

Glue eharred with carbonate o( ^tash . 

36 

15.5 

White*of eg:g charred with the same. 

34 

15.5 

Gluten charred with the same. . , , 

10.6 

8.8 

Charcoal from acetate of potash . . ^ . 

5.6 

4.4 

Charcoal from ac^te of soda. , 

12 

8.8 

Lamp black, not calcined . • • 

Lamp black calcined with carbonate of potash. . 
Bone charcoal, after the extraction of the ^«arth 

4 

3.3 

. 15.2 

10.6 

of bones by an acid, and calcination with po- 
tosh, . . • - • • ^ . 

45 

20 

Bone charcoal treated with rta and. . . 

1.87 

1.6 

Oil charred with the phospliate bf lime, . , 

2* 

1.9 

Bone charcoal, in its ordinary state. . . 

1 

1 


This remarkable , action of charcoal in withUrawing matters 
from solution is certainly an attraction of siirface, but it is ca- 
pable notwithstanding, of overcoming^ chemical affinities of 
some intensity, 'the matters remain atfachedto the (surface 
of the chmrcoal, without being decomposed or altered in nal^re. 
For if the blue sulphate of indigo be neutridiaed and then fil- 
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tercd through charcoal, the whole colouring matter is retained 
by the latter, and the filtered liquid is eolourless. But a so« 
lution of caustic alkali will divest the charcoal of the blue 
colouring matter, and carry it away in solution. Other substances 
also are carri^ down by animal* charcbai, besides animal matters. 
Lime from lime water, iodine from solution in iodide of potas- 
sium, soluble subsalts of lead, and metallic oxides dissolved 
|n ammonia and caustic pota^sh ; but it has little or no action 
upon most neutral salts. The charcoal is apt with time to 
react upon the substance it carries down, probably from their 
closeness of contact, reducing the oxide of lead, for instance, 
in a short time to the metallic state. 

Carbon is chemically the same under *all these fo«ns. This 
element cannot be crystallized artificially by th^ usual methods 
of fusion, solution or sublimation, if we except its solution in 
cast iron, which gives it in the form bf graphite and not of 
the diamond. It is chemically irfdifferent to most bodies at a 
low temperature, but combines i^rectly with some metals by 
fusion and forms carburets. When heated to low redness it 
burns readily in air or oxygen, forming a gaseous compound 
carbonic acid, which when cool has exactly the buljc of the 
original oxygen. With half the proportion of oxygen in car- 
bonic acid, carbon forms a protoxide, carbonic? oxide gas. This 
gas being supposed similar to steam or to nitrous oxide in its 
constitution, will be composed of 2 vols. of carbon vapour and 1 
vol. of oxygen gas condensed into 2 »volumes, an assumption 
upon which the density of carl)on vapour, which there are no 
means of determining experimentally, is usually calculated, and 
made about 421.5 ; the combining measure of this* vapour con- 
taining 2 volumes (pa^e 132.) It has been inferred from the 
results of recent organic analysis, that the number 7^*44, fixed 
upon by Berzelius as the equivalent of carbon is too high, and 
that 75.6 is near the truth.* ? \ 

Uses . — Several valuable applications of this substance have 
already been incidentally described. Carbon may be said to 
surpass all otheir* bodies whatever in its affinity for oxygen at 
a high temperature ; and being infusible, easily got rid of by 
combustion, and forming compounds with oxygen which escape 

* By Dr. Clark ; aUto Dutmas i Phil. Mag. 3rd. series vol. 14, p. 153, and 
the account ot certain analyvas by Mr. Fownes, vol 15, p. 62. 
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as gas, this body is more suitable than any other substance to 
effect the reduction of^metallic oxides, that is, to deprive them 
of their oxygen, and to product from them the metal with the 
properties which cliaracterize it. 

CARBONIC ACID. 

COg; density 1524.1 ; [ | ] . 

* « 

This gas waiS first discovered to exist in lime- stone and the 

mild alkalies, and to be^ expelled from them by heat and the 
action of acids by Dr. Black, and was named by him Fixed Air. 
He also remarked that the same gas is formed in respiration, 
fermentation and combustion; it was afterwards proved to 
contain carbon by Lavoisier. 

Preparation . — Carbonic acid is readily procured by pouring 
*fayjdrochl(mc acid of sp.^gr. 1.1, upon fragments of marble con- 
tained in a gas bottle, or by the action of diluted sulphuric acid 
upon chalk. A gas comes o^ with effervescence, which may 
be collected at the water trough, but cannot be retained long 
over water without considerable loss, owing to its solubility. 
When generated in the close apparatus of M..Thilorier for the 
purpose of liquefying it, this gas is evolved from bicarbonate of 
soda and sulphuric acid. 

Properties . — ^This gas extinguishes flame, does not support 
animal life, and renders lime-water turbid. Its density is con- 
siderable, being 1524, or a half more than that of air, the gas 
containing 2 volumes of the hypothetical carbon vapour and 
2 vorumes of oxygen, condensed into 2 volumes, which form the 
combining measure. Cold water dissolves rather more than an 
equal volume of this gas ; the solution has an agreeable acidu- 
lous taste, and sparkles when poured from one vessel into 
another. It communicates a winfe-red tint to litmus paper, 
which di^ppears again^ when thd paper dries ; when poured 
into lime-water it first throws down a white flaky precipitate 
of carbonate of lime or chalk, which it afterward^ redissolves 
if the solution be added in excess. The quantity of this gas 
which water takes up is found to be exactly proportional to the 
pressure; a very^large volume of the^gas is forced into sod^ 
magnesia and ol^er aerated waters, rhuch of which escapes on 
removing the pressure from these Jiiquids. 

This gas was liquefied by Mr. Faraday, whose method has 
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been followed by Thilorier in an apparatus by which the liquid 
acid is procured in large quantity, whifih is constructed with 
some improvements by Mr. ^ddams of Kensington. It con- 
sists of two similar cylindrical, vessels of* strong sheet iron, 
calculated tot resist a bursting pressure of 6(5 atmospheres, in 
one of which several pounds of bicarbonate of soda are decom- 
posed at once by aii equivalent quantity of sulphuric acid. Tbe 
gas confined within this gencBating vessel is afterwards allowed 
to communicate with the second cylinder or * condenser, by 
means of a copper tube and stopcock qf nice construction ; and 
the charge is repeated several times in succession, till two or 
three pints of the liquid acid are collected in the receiver. 
When this liquid is allowed to escape ftom the receiver by a 
small jet, a portion of it is frozen by its own evaporation, and 
forms a white soft mass, like snow, which may be handled and 
does not evaporate very rapidly, owing to its low conduc^jng 
power, although its temperature cannot be more than — 148”. 
With a little ether the solid acid* forms a semifluid mass, by 
means of which mercury can be frozen in considerable quantity. 
The sp. gr. of the liquid is 0.83 at 32® ; it dilates remarkably 
from heat, its expansion being four times greater ^h»n that of 
air, 20 volumes of the liquid at 32® becoming 29 at 86®, and its 
density varying from 0.9 to 0.6 as its temperature rises from, 
— 4® to 86®. It mixes in all proportions with ether, alcqhol, naph- 
tha, oil of turpentine and bisulphuret of carbon, but is insoluble 
in water and fat oils. Its compound ^\;ith alcohol may be fro- 
zen, and melts at — 135®, which is the lowest point fixed with 
accuracy in the descending scale of temperature.* Mr. Addams 
has made careful experiments "upon the elasticity of the vapour 
of this liquid, at diiferqnt temperatures, of which the following 
are the results : * 


ELASTIC 

FORCB of* liquid Ci 

LRBONIC ACID. 

Temperature. 

Pound, jlfer .quare ] 

Inch. • 

Atmospheres of 
16 pounds each. 

0® 

. 280 

. 18.1 

10 . . , 

. . 300 

. .20 

30 

.398 

. 26.5 

32 

. 413 

. . 27.6 

'so . 

.,..520 

. ’. . 34.7 

100 

. • 935 

. 62.3 

150 . 

.1496 . 

. 99.7 


* Thilorier, An. dc Ch. et de Ph- t. 60, p. 427. 
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Potassium heated in a small glass bulb blown upon a tube, 
through which gaseou^' carboif ic acid is transmitted, undergoes 
oxidation, and liberates carbon,* the existence of which in the 
gas may thus be shown. But bi^rning phosphorus, sulphur and 
other combustibles are immediately extinguished* by carbonic 
acid, and the combustion does not cease from the absence of 
oxygen only, but from a positive influence in checking combus- 
tion which this gas exerts, for a lighted candle is extinguished 
in air containing no more than a fourth of its volume of carbonic 
acid. It is generally believed that any mixture of carbonic acid 
and air will support the respiration of man, which will main- 
tain the flame of a candle, and therefore a lighted candle is often 
let down into wells or ^its suspected to contain this gas, to as- 
certain whether lliey are safe or not. But although air in which 
a candle can burn may not occasion immediate insensibility, 
still the continued respiration for several hours of air containing 
not more than 1 or 2 per cent of carbonic acid, has been found 
to produce alarming efiects (Broughton), The accidents from 
burning a pan of charcoal in close rooms are occasioned by this 
gas. It acts as a narcotic poison upon the system. A small 
animal thro'Wn into convulsions from the respiration of this gas, 
may be recovered -by sudden immersion in cold water. 

Carbonic acid is thrown off from the lungs in respiration, as 
may be proved by directing a few expirations through lime 
water. The air of an ordinary, expiration contains on an average, 
as observed by Dr. Prouc’, 3.45 per cent of the gas, and the pro- 
portion varies from 3.3 to 4.1 per cent, being greatest at noon, 
and least during the night. Carbonic acid is also a product of 
the vinous fermentation, and is ‘the cause of the agreeable pun- 
gency of beer, ale and other fermented liquors, which become 
stale when exposed to the air frorii the loss of this gas. It also 
exists in all kinds of well and spriAg water, and contributes to 
their pleasant flavour, water '^hich has been deprived of its 
gases by boiling is insipid and disagreeable. Carbonic acid is 
also largely produced by the combustion of carbonaceous fuel, 
and appears to exist in considerable quantity iti the earth, being 
discharged by active volcanoes, and from fissures in their 
neighbourhood long after the volcanoes are extinct. The Gfotto 
del Cane in Italy owes its mysterious properties to this gas, and 
many mineral springs, such as those of Tunbridge, Pyrmontand 
Carlsbad are highly charged with it. It comes thus to be always 
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jiresent in the atmosphere in a sensilile although by uo means 
considerable proportion, (page 280.) 

Carbonic acid combines witfi bases, and forms the class of 
carbonates. The hydrate of this^acid^seems hi^capable of existing 
in an unconAined state, but it exists •in the alkaline bicarbo- 
nates, which are double carbonates of water and the alkali. 

' ^ i 

If this hydrate were formed, it would probably be found ana- 
logous to the crystallized carbonate of magnesia, of which the 
formula is MgO, COg -f- HO and also the same with 
another 2110 ; the salt of magnesia of most acids resembling the 
salt of water. Carbonate of lime, in the hydrated condition, has 
a similar formula. But the carbonates exhibit little affinity for 
water, and are generally anhydrous. Tho*se of the alkfilies retain 
a strong alkaline reaction, owing to the weakness of this acid, 
aiid the carbonates generally are decomposed with effervescence 
l)y all other acids, except hydrocyanic. 

Kyc."?. — Carbonic acid is not used in the arts, except in the 
preparation of aerated waters. The strong vessels in which the 
impregnation is effected, should be of copper well tinned, and 
iiot of iron, as with the concurrence of water carbonic acid acts 
strongly upon that metal. It is sometimes desirablh t» remove 
carbonic acid from air or other gaseous mixtures, and this is 
generally done by means of caustic alkali or lime-water. When 
very dry, or so humid as to be actually wet, the hydrate of lime 
absorbs this gas with much less avidity than when of a certain 
degree of dryness, in which it is not sc/ dry as to be dusty, but 
at the same time not sensibly damp. The dry hydrate may be 
brought at once to this conditi9n, by mixing it intimately with 
an equal weight of glauber’s salf, in fine powder \ and this mix- 
ture in a stratum of not more than an inch in thickness inter- 
cepts carbonic acid most completely, and may rise in tempera- 
ture to above 200" from tl^ rapid absorption of the gas. It is 
quite possible to respire through a cufhion of that thickness, 
filled with this mixture, and such an article might be found 
useful by parties^eutering an atmosphere overcharged with car^. 
bonic acid, like that of a coal mine after the occurrence of an 
explosion of fire damp. 

Carbonic acid is the Wghest degree of oxidation of which car- 
bon is susceptible ; but another oxide of carbon exists contain- 
ing less oxygen. 

X 2 
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.CARBONIC OXIDE. 

^ i 

Eg. 176*, or 14.13; Ct); density 9/2.8 ; I I 1 * 

Priestley is the discoveirer of this gas, but its true nature was 
first pointed out by Cruikshanks, and about the same time by 
Clement and Desormes. 

Preparatibn . — Carbonic acid ia readily deprived of half its 
oxygen, at a red heat, by a variety of substances, and so reduced 
r to the state of carbonic o^&ide. TTie latter gas may therefore be 
obtained by transmitting carbonic acid over red hot fragments 
of charcoal contained in an iron or porcelain tube ; or by cal- 
cining chalk: mixed with l-4th of its weight of charcoal in an iron 
retort. It is likewise prepared by gently heating crystallized 
oxalic acid with 5 or 6 times its weight of strong oil of vitriol in 
a gjass retort. The latier process affords a mixture of equal 
volumes of carbonic acid and carbonic oxide, the elements of 
oxalic acid being carbon and oxygen in the proportion to form 
these gases, and this acid being incapable of existing except in 
combination with water or some other base. Now the sulphu- 
ric acid unites with the water of the cr. oxalic acid, and the acid 
being set free is instantly decomposed. The gas of all these 
processes contains much carbonic acid, of which it may be de- 
prived, hy^ washing it with milk of lime, or by transmitting tlie 
gas through a tube filled with the mixture of hydrate of lime and 
glauber's salt. 

Properties . — ^This gas, as has already been stated, is presumed 
to contain 2 volumes of carbon, and 1 volume of oxygen, con- 
densed into 2 volumes so thaV its combining measure is 2 
volumes. It is not more soluble in wat^r than ajtmospheric air, 
and has never been liquefied. It is easily kindled and burns 
with a pale blue flame, like that of Sulphur, combining with half 
its volume bf oxygen, a(id forming carbonic acid, which retains 
the original volume of the carbonic oxide. This combustion is 
often witnessed in a coke or charcoal fire. The carbonic acid 
" produced in the lower part of the fire, ,is converted into carbonic 
oxide, as it passes . up through the red hot embers, and after- 
wards burns above them' \rith a blue fla^e, wh^e it meets with 
air. 

Carbonic oxide is a neutral body^ JIke water, an^ 
directly mth only a very few substances. It unites with an eq^ual 
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volume of chlorine under the influence of the sun’s rays, and 
iorms phosgene gas or chloroc%rbj)riic acid. It is also absorbed 
bv potassium gently heated, and that metal is employed to sepa- 
rate carbonic oxide from a mixture of hydrogen and gaseous 
hydrocarbarets, as in the analysis of coal gas. But carbonic 
oxide is supposed to exist in a greater number of compounds, 
and to be the radical of a series, of which the following sub- 
statices are imagined to be members : 


CARBONIC OXIDE gERIES. 


Carbonic oxide. 

Carbonic acid. 
Clilorocarbonic acid. 
Oxalic acid. 

Oxaniide. 

Oxicarburet of potassium. 
Croconic acid. 

Mellitic acid. 


. CO 
. CO + 0 

‘ . co+ct 

. 2C0 + 0 
. 2C0+NH0 

* . 7C0-f3K^ 
. 5C04-H 
. 4CO + II 


In these compounds carbonic oxide is represented as playing 
the part of a simple substance, and forming a veriety of pro- 
ducts by uniting with oxygen, chlorine, hydrogen and other 
elements. • 

Oxalic, mellitic and croconic acids are sometimes ’‘enumerated 
as oxides of carbon, along with carbonic acid and carbCiiic oxide, 
but as the former bodies always exist .in a state of combination 
and cannot be isolated, they have not an equal claim to the 
same early consideration as the latter compounds. 


SECTION V. 

• BORON. 

V 

Eq, 13G.25, or 10.91 ; Bj* density \f vapour {hypothetical) 

m- 

Boron is an element having some analogy to carbon, but 
sparingly diffused in nature. It is never found, except in com- 
bination with oxygen as boracic acid,# of which the salt of soda 
has long been brought to Europe from India -in a crude state, 
under the name of tinkal and termed borax when purified. The 
impure borax or tinkal forms a saline incrustation in the beds of 
certain small lakes in an upper province of Thibet, whjch dry up 
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during summer. But the most considerable of the present 
sources of boracic acid are tUe l)ot lagoons of a district in Tus- 
cany, which are charged with' the free acid, ^ from the condensa- 
tion in them of vppours qf a vplcanic origin. Boracic acid is 
likewise found in the hot* springs of Lii)ari. It is % constituent 
also of several minerals, of which datolite and boracite are the 
most remarkable. Boron was first discovered by Sir H. Davy 
in 1807, by exposing boracic acid to tlie action of a powerful 
voltaic battery, and was afterwards obtained by Gay-Lussac and 
' Thenard in greater quantity, by heating boracic acid with potas- 
sium. 

Preparaiion . — Boron is prepared with greatest advantage 
from a^corfibinajion of fluoride of boron and fluoride of potas- 
sium, which is obtained on saturating hydrofluoric acid with 
Jjoracic acid, and adding to it drop by drop, the fluoride of po- 
tassium. This compound which is of slight solubility, is col- 
lected on a ^Iter, and dried at an elev^ated temperature, but 
which should not reach a red heat. Equal weights of this com- 
pound and potassium are mixed together in a cylinder or tube 
of iron, closed at one end, which is gently heated, and the mix- 
ture stimi with an iron rod, till the potassium is melted. 
Heated more strqngly by a spirit lamp, the mass evolves heat 
and becomes red-hot ; the potassium combines with the fluorine, 
and a mixture is obtained of boron and the fluoride of potassium. 
On treating this with water, the fluoride of potassium dissolves, 
and the boron remains ^n\ulated. In washing it farther, instead 
of pure w^ater, which acts^lmon boron, a solution of sal ammo- 
niac should ])e employed, vmicb does not dissolve that body, 
and the sal ammoniac remaining in the boron may be taken up 
by alcohol. « 

Properties . — ^Thus prepared, bopn is obtained in the form 
of a greenish brown powder, without the metallic lustre, which 
becomes bard and assumes a deeper colour, when ignited in 
vacuo, or in gases which do not combine with it, but undergoes 
no farther change. Heated in atmospheric, air or oxygen it 
burns with a vivid light, scintillating pawei;fully, and forms 
boracic acid. ]!iitrie acid and many other substances also oxi- 
date it easily, and always produce ^l\af compound. Fused 
with carbonate of potash, it decomposes the carbonic acid, and 
gives borate of potash, carbon being liberated. Boron is not 
known to possess any other degree of oxidation. Boron co.m- 
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bines with sulphur, with the disengagement of light, when 
heated in the vapour of that subltanee ; and it takes fire spon- 
taneously in chlorine, and forms a gaseous chloride of boron, of 
which the formula is BCI3, and the density 4035 . This gas is 
formed of 2*vols. of boron vapour and*6 of cnlorine, condensed 
into 3 vols, which are its combining measure. It may likewise 
be formed, by transmitting chlorine gas over a mixture of bo- 
racic acid and charcoal, ignited in a porcelain tubd. A corres- 
ponding fluoride of boron is evolved from boracic acid, ignited 
with the fluoride of calcium or fluor spar, with the formation o# 
borate of lime. The density of this fluoride i% 2308 . 

Boracic This acid is generally prepared by dissolving 

the salt borax at 212® in four times its weight of waiter, the solu- 
tion is filtered Jiot, and a quantity of oil of vitriol immediately 
added to it, equal to one fourtli of the wxight of the borax. The 
sulphuric acid unites with the soda, ancl forms sulphate of ijoda, 
which continues in solution, while the boracic acid separates in 
thin shining crystalline plates, on cooling. These plates are 
drained, and being sparingly soluble, may be washed with cold 
water, and afterwards redissolved in boiling water and made 
to crystallize anew. “The boracic acid still retains & small quan- 
tity of sulphuric acid, probably in a state of chemical combina- 
tion, and if required of absolute purity must be fused at a red 
heat in a platinum crucible, then dissolved again and crystallized. 
The density of the vitrified acid is 1 . 83 . Boracic acid has a 
weak taste, which is scarcely acid, and ^iffects blue litmus like car- 
bonic acid, imparting to it a wine-red tint, and not that clear red, 
free from purple, which the sjtronger acids produce. It renders 
yellow turmeric paper, brown,* like the alkalies. The crystals 
are a hydrate, and contain 3 equivalents of water, of which the 
formula is HO, BO3 + 2HO.* At 6*0® it requires 25.66 times its 
weight of water to dissolve it, but only 2.9? times at 212®. 
With the assistance of the* vapour (ff water, it is said to be 
slightly volatile, but alone it is fixed> and fuses, under a red 
heat, into a transparent glass. The hydrated acid dissolves in 
alcohol, and the ^solution bunts with a fine green flame. At 
the temperature of the air, boracic^ acid is^iirelatively a feeble 
acid, but at a red heat Jit displaces the greater number of those 
acids which are more volatile than itself. It communicates 
fusibility to many substances in uniting with them, and generally 
forms a glass. On this account borax is much used as a flux. 
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Boracic acid is remarkable for the variety of pro- 
portions in which it unites wijjih the alkalies ; all these borates 
have an alkaline reaction lil^e the carbonates. The relative 
proportions of oxygen and boron in boracic acid are known, 
but the number of equivalents of these elements^ in this acid 
is not so certain. Dumas inferred from the density of the 
chloride that^it is a terchloride, and boracic acid, which cor- 
responds, will therefore consist qf 3 eq. oxygen to 1 eq. boron, 
and its formulS be BO3. This makes borax the biborate of 
c soda. 


SECTION VI. 

SILICON. 

SiLiciUM. ' Eq\ 277.3 J or 22.22 5 Si O3 ; density of 
vapoxir {hypothetical) 1529; CXH* 

Silica or siliceous earth, the oxide of the present element, 
is the most abundant of all the matters which compose the 
crust of Jthe globe. . It constitutes sand, the varieties of sand- 
stone and quartz rock, and enters into felspar, jnica and a pro- 
digious variety of minerals, which form the basis of other 
rocks. 

• P7^epuration, — Silica may be decomposed by heating it with 
potassium, which depriwss it of oxygen ; but a better process 
for obtaining silicon, is to heat the double fluoride of silicon and 
potassium, with 8 or 9-lOths ofite weight of potassium, with the 
same precautfons as in the preparation of boron. The ma- 
terials, however, in this case may be heated in a glass tube, as 
well as in an iron cylinder. The* double fluoride employed, is 
prepared by neutralizing fluosilicic aiid with potash. A different 
process is suggested Berzelius, which consists in heating 
potassium in a tube of hard glass with a small bulb blown upon 
it, which is filled with the vapour of the fluoride of silicon, sup- 
plied from the ebullition of that liquid contained in a small 
retort connected^ith the glass tube. The potassium burns in 
this vapour, and ut the ehd, silicon is found, with fluoride of 
potassium, in the place of the metal (Trait‘s, t. I, p. 137). But 
the silicon from all these processes is always in combination 
with a little potassium, and mixed with a little fluoride of 
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silicon and potassium unreduced. Hence, on applying cold 
water to the mass, hydrogen gis is disengaged, and potash 
formed, and the silicon separatesl^ The potash thus produced 
can, with the aid of hot water., dissolve th€ gilicon, which then 
oxidates aiid«becomes silica, so that iold water only must be 
employed to wash the silicon, which may be thrown upon a 
filter. After a time, the liquid which passes has an acid reac- 
tion, which arises from its dissolving an acid doifble fluoride 
of silicon and potassium, of sparing solubility, which has 
escaped decomposition, and is mixed with the silicon. The ‘ 
Avashing is continued so long as the watdr dissolves any- 
thing. 

Properties , — The silicon which is thus objiainefl is, in its 
pure state, a dull brown powder, which soils the fingers, and 
when heated in air or oxygen, inflames^ and burns, but is nevej 
more than partially converted into silica. * It may be ignited 
strongly in a cQvered crucible without loss, and then shrinks 
in dimensions, acquires a deep chocolate colour, and becomes so 
dense as to sink in oil of vitriol. By this ignition the proper- 
ties of silicon are altered to a degree which is verjj remarkable 
in a simple substance. It was previously readily soluble in hy- 
drofluoric acid, with evolution of hydrogen, an(J in caustic potash, 
but it is now no longer acted upon by that or any other acid, 
nor by alkalies. The ignited silicon also refuses to h«rn in air 
or oxygen, even when intensely heated by the blow-pipe flame. 
Charcoal, it will be remembered, is iftore dense and less com- 
bustible after being strongly heated; but that substance is not 
altered by heat to the same extbnt as silicon. Mi^ed and heated 
with drj»^ carbonate of potasfi, silicon in any condition is 
oxidated completely, .its action upon the carbonic acid of 
the salt being attended w^tli ignition, and carbon liberated. 
Silicon burns when heated ih sulphur vapour, and forms a sul- 
phuret, which water dissolves, but decomposes at the same 
time, sulphuretted hydrogen and silica being produced, and 
the last, despite^ its usual insolubility, retained in solution. 
Silicon likewise burns in chlorine ; and the chloride of silicon 
may be otherwise formed by transmitting chlorine over a mix- 
ture of charcoal and ^silica ignited in a porcelain tube. The 
silica is decomposed by neither charcoal nor chlorine singly, 
hut acting together upon the silica, these bodies produce car- 
bonic oxide and chloride of silicon. This compound is a vola- 
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tile liquid, of wliich the formula is Si CI3 ; that of the sulphu- 
ret of silicon Si S3. * t 

Silica or Silicic Acid, Si — This earth, which is the only 
oxide of silicon, qoftstitutes a ijumber of minerals, nearly in a 
state of purity, such as rock-crystal, quartz, flint, ^sandstone, the 
amethyst, calcedony, cornelian, agate, opal, &c. The first 
chemical examination of its properties and compounds is 
due to Bergman. 

Preparation . — Silica may be had very nearly, if not absolutely 
‘ pure, by heating a colourless specimen of rock crystal to redness 
and throwing it ‘into water, after which treatment the mineral 
may easily be pulverized. It is obtained in a state of more 
minute division, by transmitting the gaseous fluoride of silicon 
(fluosilicic acid) into water j or by the action of acids upon 
some of the alkaline compounds of silica* Equal parts of car- 
bonate of potash alrd carbonate of soda may be be fused in a 
platinum crucible, at a temperature which is not high; and 
pounded flint or any other siliceous mineral, thrown by little 
and little into the fused mass, dissolves in it with an efferves- 
cence due to the escape of carbonic acid gas. The addition of 
the mineral may be continued so long as it determines this ef- 
fervescence. The mass being allowed to cool, is afterwards dis- 
solved in water acidulated with hydrochloric acid, which takes 
up tlie §jlica as well as the alkalies; the liquor is filtered 
and then evaporated to dryness. The silica may contain a 
little peroxide of iron*' or alumina, to dissolve which the 
saline mass, when perfectly dry, is moistened with con- 
centrated hydrochloric acid, apd after two hours the acid 
mass is washed with hot water. The silica remains undis- 
solved; it may be dried well and ignited. 

Properties . — Silica so prepared i^s a white, tasteless powder, 
which is rough to the touch, and feels gritty between the teeth. 
It is extremely mobilel w’hen heated, and is thrown out of a 
crucible, at a high temperature, by the slightest breath of wind. 
It is absolutely insoluble in water, acids and most liquids. 
Its density is 2.66. The heat of the stror\gest wind-fumace is 
not sufficient to fuse silica, but it melts into a limpid colourless 
glass in the flame^ of the oxihydrogen blow-pipe. Silica is found 
frequently crystallized, its ordinary form being a six-sided prism 
terminated by a six-sided pyramid, as in rock-crystal. Some- 
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times the prism is very short or disappears entirely, and the 
pyramid only is seen, as in ord^niy quartz. 

Soluble Silicic Add , — The preceding description applies to 
silica after it has been dried pr heqted, bhij silica can also be 
obtained in^ state in which it is sofuble in dilute acids and 
even in water. The oxidation of the sulphuret ,of silicon, in 
water, gives silica in this condition; the solution when con- 
centrated, becomes a gelatirmus mass, like ’ When the 
gaseous fluoride of silicon is absorbed by water, silica separates 
in large quantity in that gelatinous oondition, and this jelly is* 
soluble in water although it requires a largfe quantity to dis- 
solve it. The solution of silica was found by Befeelius to be 
insipid, and not to redden litmus; by eVaporatjon Of the liquor 
the silica is- deposited in the form of an earthy mass without a 
trace of crystallization, and capable of dissolving again in W’ater. 
It is observed however, that when sulphfiric or hydrochloric 
acid is added to the solution during evaporation, the silica ob- 
tained is no longer the soluble, but the former insoluble va- 
riety. The fixed alkalies and their carbonates, it is curious, 
effect a transmutation of the opposite kind, for when insoluble 
silica is boiled with them, it is gradually converteck into the 
soluble species and dissolves, Berzelius finds that this change 
supervenes, without decomposition of the alkaline carbonate or 
any escape of carbonic acid. The alkali in this solution may be 
saturated completely with an acid, without Jiny silica precipi- 
tating, which proves that that body* is dissolved in the water 
and not in the alkaline carbonate. 

The water of springs and ^ells always contains a little solu- 
ble silica, which can only be obtained by evaporating'the water 
to dryness. In some •mineral waters the proportion of silica is 
very considerable, and it \s *often associated with an alkaline 
carbonate, as in the liot alKaline spring of Reikum in Iceland, 
and in the boiling jets of the* Geyser, which deposit about their 
crater an incrustation of silica. There can be no doubt like- 
wise that much^ of the crystalline quartz in nature besides all 
the agates, calcedonies and siliceous petrifactions have been 
formed from an aqueous solution. 

The soluble silica^ seems to exist in thq dkss of minerals 
called zeolites^ which also contain water, and many of which 
dissolve entirely in dilute hydrochloric acid. But it may be 
obtained from any silicate by fusing it with an alkaline carbo- 
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nate^ and afterwards (Jissolving in dilute acid. The solution, 
on concentration, gives a t^anfsparent jelly, which is highly 
tenacious, and cracks on drying, forining a mass like gum. 
When completely retried in the^air, the mass is no longer so* 
luble in^water or acids. It contains a small quantity of water, 
which however, according to Berzelius is hygroscopic; silici 
affording him no definite hydrates, like those of other acids. 
But I should sfill be disposed to look to the state of hydration, 
however feebly the water may be retained, for an explanation 
of the differences betweai the soluble and insoluble varieties 
of silica. Hydrofluoric acid is the only acid which dissolves 
silica in both conditions. 

Silicatfs *^' — Although silica has no acid reaction, it is cer- 
tainly an acid, and is indeed capable of displacing the most 
powerful of the volatile acids at a high temperature. It is 
captible of uniting with metallic oxides, by way of fusion, in a 
great variety of proportions. Its compounds with excess of 
alkali, are caustic and soluble, but those with an excess of silica 
are insoluble, and form the varieties of glass^ which will be no- 
ticed under the silicate of soda. With alumina it forms the 
less fusible compounds of porcelain' and stoneware which will 
be noticed under ^that earth. A large number of mineral spe- 
cies are also earthy silicates. It seems probable that silicic, 
like phosi^^lioric acid, forms several classes of salts, of which 
those containing the largest number of atoms of base are the 
most soluble, and afford,' when decomposed the soluble silica. 
At the same time some difference may exist between the silicic 
acid itself, as ,it exists in these different classes of salts, such 
as there is between ignited and unignited silicon. 


SECTIONS* VII. 

SULPHUR. 

Eq. 201.17 or 16.12; S; density 6648; edinbining measure 
l-3rrf. volume. ' 

c 

This element is exhaled in large quaptity from volcanoes, 
either in a pure state or in combination with hydrogen, and by 
condensing in fissures forms sulphur veins, from which the 
greater part of the sulphur of commerce is derived. It exists 
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also in combination with many metals, as iron, lead, copper, 
zinc, &G. ; and is extracted in considerable quantity from bi- 
sulphmet of iron or iron pyrit*. Sulphur is classed with 
oxygen } and the higher sulphujas^s resembld peroxides in losing 
a portion oftheir sulphur, as we have* s6en some of the latter 
lose a portion of their oxygen, when strongly heated. Sulphur 
is likewise extensively diffused, as a constituent of the sulphuric 
acid in gypsum and other native sulphates. This element also 
enters the organic kingdom, being invariably associated in mi- 
nute quantity with albumen, whetheui fluid in the egg or solid 
in the hair. 

Properties . — Sulphur is found in commerce in rolls, which 
are formed by pouring melted sulphur into cyljndriCal moulds, 
and also in the form of a fine crystalline ppwder, the flowers of 
sulphur, which are obtained by throwing the vapour of sulphur 
into a close apartment, of which the ternpefature is below Jthe 
point of fusion of that substance, and in which the sulphur 
therefore condenses in the solid form and in minute crystals, 
just as M^atery vapour does in the atmosphere below 32% in the 
form of snow. The purity of the flowers is more to be de- 
pended upon than that of roll sulphur. Sulphur is insipid, 
and generally inodorous, but acquires an odour when rubbed ; 
it is very friable, a roll of it generally emitting a crackling sound, 
and sometimes breaking, when held in the warm b^nd. Its 
specific gravity is 1,98. It fuses at 226% and between that tem- 
perature and 280° forms a clear liquid dCan amber colour. But 
about 320° it begins to thicken, assumes a reddish tint, and if 
the heat be continued, become^ so thick that the yessel may be 
inverted without the sulphur flowing out. This change is not 
occasioned by an increase of density, for fluid sulphur conti- 
nues to expand with the ^temperature. Tlirown into water, 
while in this condition, sulphur forms it mass which remains 
soft and transparent for some time a^Jter dt is perfectly cool, 
and may be drawn into threads which have considerable elas- 
ticity. From 482° to its boiling point 66l% it becomes again 
more fluid, and if , allowed to cool returns through the same 
conditions, becoming again very fluid, before freezing. Sulphur 
has considerable volatility, beginning to rise ip vapour before it 
is completely fused. *At its boUing point it forms a vapour of 
an orange colour, and distils over unchanged* The density of 
this vapour is very considerable^ being observed to lie between 
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GSlOand 6617 by D\imas, and to be 6900 by Mitscherlich. 
It is allowed that the coml|inipg measure of this vapour is 
l-8rd of a volume, whicn gives the theoretical density 
6648. 

Sulphur and many other substances may be obtStined in dis- 
tinct crystals,, on passing from a state of fusion, by operating 
in a particular manner. A considerable quantity of sulphur 
is fused in a stoneware crucibley and allowed to cool till it 
begins to solidify ; the solid crust, with which its surface is 
covered, is then broken, and the portion remaining fluid poured 
out. On afterwards breaking the crucible, when it has become 
quite cold, the sulphur is found to have a considerable cavity 
which is lined with fine crystals, like a geode in quartz. Sul- 
phur is dimorphous, the form which it assumes at a high tem- 
perature, and consequen);ly in its passage from a state of fusion, 
is a« secondary modification of an oblique prism with a rhoni- 
boidal base. Sulphur is also soluble in the sulphuret of carbon, 
the chloride of sulphur and oil of turpentine, and is deposited 
from solution in these menstrua at a lower temperature, and 
of its secondl form, which is an elongated octohedron wdth a 
rhomboidal base. That is likewise the form of the grains of 
flowers of sulphui*, and of the fine transparent crystals of na- 
tive sulphur, which are also formed by sublimation. 

Sulphir is not soluble in water or in alcohol. It combines 
readily with most metals, some of them, such as copper and 
silver in very thin plates, burning in its vapour, as iron does 
in oxygen gas. When iron and some other metals are mixed 
in a state of division with flowers of sulphur and heat applied, 
the sulphur first melts, and after a few seconds combination 
ensues with turgescence of the mass, which becomes red hot. 
Sulphur unites with bodies generally in the same multiple pro- 
portions as oxygen, and sometirnes in additional proportions, 
particulaiiy with potasAum and the metals of the alkalies and 
alkaline earths. When boiled with caustic potash or lime, red 
solutions are formed which contain a large quantity of sulphur, 
a considerable proportion of which is deposited as a white hy- 
drate of sulphur, uponth^ addition of an acid. With hydrogen, 
sulphur unites in single equivalents, and forms sulphuretted 
hydrogen gas, which is the analogue of water in the ^sulphur 
series of compound and also another compound the persul- 
phuret of is deficient in stability, Bkc ^t^^ 
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peroxide of hydrogen, and is decomposed or preserved by si- 
milar agencies, ^ 

Sulphur is readily inflamed, taking fire below its boiling 
point and burning with a pale ^ue flame, afl^ the formation of 
suffocating fvAnes, which are sulphuroUs acid gas. It exhausts 
the oxygen of a confined portion of air by its ^combustion, 
more completely than carbonaceous combustibles, and on that 
account, and partly also from a negative influ^ce which 
sulphurous acid has upon the combustion of other bodies, 
it may be employed in particular ciroumstances to extinguish 
combustion ; a handful of lump sulphur beilig dropt into a 
burning cliimney as the most effectual means of extinguishing 
it. Sulphur unites directly with oxygen only in^the proportions 
of sulphurous acid, but several compounds of the same ele- 
ments may be formed, which are all acids ; namely 


Hyposulphurous acid. 
Sulphurous acid, 
Hyposulphuric acid. 
Sulphuric acid. 


. S2 O2 

. S O2 

. S2 O5 
. s O3 


Uses . — From its ready inflammability sulphur has long been 
applied to wood-matches. But its most considerable applica- 
tions are in the composition of gunpowder and other deflagrat- 
ing mixtures, and in the manufacture of sulphuric aclfll, which 
there will again be occasion to noticg in a more particular 
manner. • 


SULPHUmUS ACID. 

Eg. 401.179 or,S 2 . 1 ^; SOj ; density 22 combining 
measure | 

Sulphurous acid was distinguished as^ a particular substance 
by Stahl, and first recognized as a gas by Dr. Priestley. It was 
subsequently anal^^zed with accuracy by Gay-Lussac and by 
Berzelius. 

Preparation . — When sulphur is burned in dry air or oxygen 
gas, sulphurous acid is the sole product, and the gas is found.to 
have undergone no cliange in vcdume* But sulphurous acid is , 
more conveniently prepaj^d by beating oil of vitriol upon merr 
cury or copper, either of whMh becomes an oxide at the expense 
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of one portion of the sulphuric acid, and thereby causes the for- 
mation of sulphurous acid, t Charcoal, chips of wood, straw 
and such bodies occasion a similar decomposition of sulphuric 
acid, when heatec^^Vith it, but tlje gas is then mixed with a large 
quantity of carbonic acid. If the sulphurous aci(>, however, is 
to be used to^ impregnate water, or in making alkaline sulphites, 
the presence of that gas is immaterial. With that object, a 
quantity oroil^of vitriol, equal in volume to 4 ounce measures of 
water, which for brevity may be spoken of as 4 ounce measures 
of oil of vitriol, may be introduced into a flask (see figure) with 
Fig. 36.* ^ ounce of pemnded charcoal, and the 

two substances well mixed with agita- 
tion. Effervescence takes place, upon 
applying heat to the flask, from the 
evolution of gas, which may be con- 
ducted in the first instance into an 
intermediate phial, through the cork 
of which a stout tube passes, open 
at both ends and about 3-8ths of an 
inch in internal diameter. This'j)hial 
contains about an ounce of water, 
into which the tube dips, and serves 
the purpose of condensing any sul- 
phuric a 4 siid vapour, that may be carried over by the gas, or of 
intercepting the liquid material in the flask, if thrown out by 
ebullition, and also of preventing the liquid in the second bottle 
from passing back, by the gas tube, into the generating flask, 
on the occurjence of a contraction of the air in that flask, by 
cooling or any other cause. 'Wlien that contraction happens in 
this arrangement, the external air enters the intermediate plual 
by its open tube. The second lt)Qttle is nearly filled with Ibe 
liquid to be impreg)iat^ by the ^s. This is the form in most 
frequent use of the Wolfe^s bottles, employed in transmitting a 
stream of gas through a liquid. 

Water at 60® is capable of dissolving 37 tiipes its volume of 
sulphiirous acid, which makes it necessary to collect this gas for 
examination in jars filled^mth mercury in the mercurial trough, 
and not over water. Its density is 221p.6, and it contains 2 
volumes of oxygen with l-3rd of a volume of sulphur vapour, 
condensed into 2 volumes, which form its combining measure. It 
may easilVbe obtained in the liquid state by transmitting the dry 
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gas through a tube surrounded by a freezing mixture of ice and 
salt, and forms a colourless and \erj| mobile liquid, of sp. gr. 1.45, 
which boils at 14®. The volatility of this liquid is small at con- 
siderably lower temperatures, a«d it,is not applicable with ad- 
vantage to pr8duce intense cold by its evaporation (Mr. Kemp). 
With a litfle water, it forms a crystalline hydrate, which con- 
tains 20 per cent of acid, and perhaps therefore 1 4 equivalents 
of water. • 

Sulphurous acid is not decomposed by a high temperature ; 
but several substances such as carbon, hydrogen and potassium, 
which have a strong a^ity for oxygen, decompose it at a red 
heat. This acid blanches many vegetable and animal colours, 
find the vapours of burning sulphur are therefore eRiployed to 
whiten straw, and to bleach silk, to which they also impart a 
peculiar gloss. The colours are not (Jestroyed, and may in^ 
general be restored by the application of a stronger acid oi>an 
alkali. Dry sulphurous acid exhibits no affinity for oxygen, 
but in contact with a little water, these gases slowly combine 
and sulphuric acid is formed. From the same affinity for oxy- 
gen, sulphurous acid deprives the solution of chameleon mineral 
of its red colour, and throws down iodine from iodic acid. It 
decomposes the solutions of those metals whjeh have a weak 
affinity for oxygen, such as gold, silver and mercury (with heat), 
and throws down these bodies in the metallic state. *Sulphu- 
rous acid is conveniently withdrawn from a gaseous mixture by 
means of peroxide of lead, which is converted by absorbing this 
gas into the white sulphate of lead. By nitric acid, sulphurous 
acid is immediately converted into sulphuric acid. , 

Sulphites.-— The alkaline sulphites have a considerable resem- 
blance to the corresponding sulphates. Their acid is precipi- 
tated by the chloride of barium, but the sulphite of barytes is 
dissolved by hydrochloric acid.^ Sulphunius acid is a weak acid 
and its salts are decomposed by most ot* er acids. 

Uses . — Besides the application of which sulphurous acid is 
susceptible in blpaching, if is likewise employed in French 
hospitals, in the treatment of diseases of the skin. The gas is 
then applied in the form of a bath. (Dpmas, Traifo de Chimie 
appliqu& aux Arts, t.,ly p. 151). . 

This oxide sulphur, besides acting as an acid, appears to 
play the part of a radical like carbonic oxide, and to pervade a 



322 


SULPHUR. 


class of compounds, it? whicli hyposulphurous acid and sulphu- 
ric acid are included. 

SULPHUROUS ACID SERIES. 

* < * * ' 

Sulphurous acid,* . 

Sulphuric acid. 

Hyposulphurous acid 
Cliloro^ulphurlc acid, 
lodosulphuric acid. 

Nitrosulphuric acid. 

SULPHURIC ACID. 

JSJy. 501.H7) 40.12; SO 3 ; demity \ ’ 

Chemists have been in possession of processes for preparing 
thir acid since the 6nd of the fifteenth century. It is of all rc~ 
agents the one in most frequent use, being the key to the pre- 
paration of most of the other acids, which, in consequence of its 
superior affinities, it separates from their combinations, and 
being the acid preferred to others from its cheapness, for various 
useful a^d important purposes in the arts. 

Preparation . — Suljihuric acid was first obtained bj^ the distil- 
lation of green vitriol or copperas, a native sulphate of iron, 
and this^^rocess is still followed at Nordhausen in Saxony, for 
the preparation of a highly concentrated acid. The sulphate of 
iron contains seven eqvivalents of water, and is first dried, liy 
which its water is reduced considerably below a single equivalent, 
and then disfilled in a retort of stoneware at a red heat. When 
the experiment is performed on a small scale, the heat of an ar - 
gand spirit lamp is sufficient; and in the place of copperas, the 
sulphate of iron previously peroxidized, the sulphate of bismuth, 
of antimony, or of mercury may be employed. The first effect 
of heat upon the drk^d copperas, is to cause an evolution of sul - 
phurous acid gas, a portion of sulphuric acid being decomposed 
in converting the protoxide of iron of that jialt into peroxide. 
Vapours afterwards come over, which condense into a fuming 
liquid, generally of a blqck colour, and of a density about 1.9, 
which is the Nordhausen acid, and«cpntains less than one 
equivalent of water to two of sulphuric acid- This acid is pre- 
ferred for dissolving indigo, and for some other purposes in the 
arts, and is the best source of anhydrous sulphurip acid. 


• SO2 ‘ 

. SO2 + O 
. SO2 + S 
. SO^-fCl 
. SO^-fl 
. S02+N02 
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But sulphuric acid is prepared, \n vastty greater quantity, by 
tlic oxidation of sulphur. WJieju burned in air or oxygen, 
sulphur does not attain a higher degree of oxidation than 
sul]diurous acid, but an additional proportio?i of oxygen may 
be coirununicated to it by two methods, and sulphuric acid 
formed. » 

1 ^. When a mixture of sulphurous acid and air is made to 
pass over spongy platinum at a high temperatur(> the sulphu- 
rous acid is converted into sulphuric acid at the expense of the 
oxygen of the air. Mr. Peregrine Pliillips, who first made 
this observation, has founded upon it a method of preparing 
sulphuric acid on the large scale, which, although not yet suffi- 
ciently tried to establish its advantage as a manufacturing pro- 
cess, is still of great interest in a scientific point of view, and 
deserves consideration. Sulphur is burned, or iron pyrites in , 
j)kice of it, and the sulphurous acid produced, is mixed with*an 
excess of air, by a blowing apparatus, and carried through a 
tiil)e filled with the platinum sponge or balls of fine platinum 
wire. The vapours of suli^huric acid formed, which are mixed 
with the nitrogen of the air, are condensed in a long jind narrow 
vessel of lead, in an upright position, filled with pebbleS, which 
are kept constantly wet by a small stream of water, admitted at 
the top and which percolates downwards. 

2 ". Sulphurous acid mixed with air may likewise be con- 
verted into sulphuric acid, by the agciujy of nitric oxide, which 
s the process generally pursued in the manufacture of that 
icid. The theory of this latter method, which is by no means 
)bvious, was established by researches of (Jlement De- 
lormes and of Sir H. Davy. When nitric oxide mixes with air 
u excess, it instantly eombinQS with oxygen, and becomes in 
I great measure peroxide of rytrogen, or NO^. If dry sulpliu- 
ous acid gas, SO 2 , be mixed, with that^ compound, no change 
)ccurs, the two gases when dry having no action upon each other, 
^ut if a little moisture, in the state of vapour be admitted to 
he mixture, then •oxygen is transferred from the peroxide of 
litrogen to the sulphurous acid, the former becoming nitrous 
cid NO 3 , and the latter sulphuric acid SO 3 ; and these two 
cids, in combination mtth each other and with a portion of 
vater, precipitate as a crystalline solid, a kind of sulphate of 
litrous acid, of which the exact composition has been already 
jiver. (page 280). The effect of an additional small quantity of 

12'" 
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water upon this crystrjlline solid is remarkable, occasioning its 
decomposition with effervescence ; a hydrate of sulphuric acid 
remains behind, and the nitrous acid is expelled in a state of 
decomposition, asruitric ojfide and peroxide of nitrogen. The 
result then of these changes has been the formation of a certain 
quantity of svdpliuric acid ; and the nitric oxide is again restored 
to the gaseous atmosphere; where if it meets a second time 
with oxvgeiV, sulphurous acid and moisture, it may give occasion 
to a repetition of the same changes, and the formation of an 
' additional proportion of^sulphuric acid, and do so again and 
again, so long as it continues to meet with both oxygen, sul- 
phurous a(‘id, and moisture. The nitric oxide is thus a medium 
of transference, by wiiieh the oxygen of the air readies the 
sulphurous acid, and a small portion of the former may be the 
means of converting a Ifirge quantity of the latter into sulphuric 
acid. 

In the manufiicture upon the large scale, the sulplnirous acid 
is coiwcrted into sulphuric acid, in oblong chambers of sheet- 
lead, supported hy an external framework of wood. Sul- 
phurous acid from burning sulphur, nitric acid vapour and 
steam aYc simultaneously admitted into the leaden chamber ; 
and the sulphuric, acid formed accumulates in the liquid state 
upon the floor of tlie chamber. The diagram below represents 
one of tW'. most improved forms of the chamber, with its appen- 
dages. 

Fig. 37. 



a represents the v atev boiler, ydth its 4^urnace for supplying 
the chamber witli steam ; />, the section of a small chamber in 
brickwork, or furnace, called the burner, upon the floor of 
which the sulphur burns, and in which ther/^ is a tripod sup- 
porting an iron capsule, which contains the materials for nitric- 
acid, namely oil of vitripl and either nitre or nitrate of soda. 
The heat of the burning sulphur evolV'cs the nitric acid from 
these materials, and consequently the sulphurous acid becomes 
mixed with nitric acid vapour, which it carries forward with ib 
by a tube represented in the figure, into the chamber, where 
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tliese acid vajiours meet with the steam admitted near the same 
point, and tlie formation of sulphuric acid takes ])lace. The 
nitric acid vapour is equivalent t6 nitric oxide or peroxide of 
nitrogen, as tlie first effect of tlve sulphuroils^acid is to reduce 
the nitric acW to a lower state of oxidation. From 8 to 19 
parts of sulphur are consumed in the burner for 1 part of nitre 
decomposed there, so that the quantity of nitrous fumes is 
snuill compared with the qufmtity of sulphurous •acid thrown 
into the chamber. The chamber itself is 7^ feet in length by 
M in breadth and 10 in height, and i^i divided into three coiri-- 
partrnents, by leaden curtains placed across •it, two of which, 
d and J\ are sus]:>cnded from the roof, and reach to within six 
inches of the floor, and one e rises from 'the floor Uy within six 
iiudies of the roof. (/ is a leaden conduit tube, for the dis- 
charge of the un condensible gases, which should communicate 
with a tall chimney, to carry ofl' these gases and to occasion it 
sliglit draught through the chamber. Tiic curtains serve to 
detain the vapours, and cause them to advance in a gradual 
manner througli the chamber, so that the sulphuric acid is 
dc|)()sited as completely as possible, before the vapours reach 
the. discharge tube. When tlie oxygen of the chamber is ex- 
hausted, the admission of acid vapours is discontinued, till tlie 
air in it is renewed. But the admission of air to the chamber 
is sometimes so regulated, that a continuous current ^is .main- 
tained througli the cliamlier, and the combustion proceeds with- 
out interruption. When steam is adifijttcd in proper quantity, 
as in this metliod, it is not necessary to begin by covering the 
floor with Avatcr, as the suljihuric acid is condensed w'ith- 
uut it. 

The acid may be drawn off from the floor of the chamber of a 
sp. gr. as high as l.fi. It isjurther concentrated in open leaden 
pans, till it begins Jfp act Cipon the metal and afterwards in 
retorts of platinum dr gla^s. * It still rt*l.ains small quantities of 
nitrous acid and sulphate of lead, from which it can be com- 
pletely purified dilution witli water and a second distillation. 
The acid thus obtained in its most concentrated state is a defi- 
nite compound of one atom acid and one atom of water, which 
last cannot be separated by heat, the hydrate distilling over 
unchanged. It is the oil of vitriol of commerctL 

Properties . — Anhydrous sulplmric acid is oblainc by 
gently heating the fuming acid of Nordhausen in a retort, and 
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receiving its vapour in a bottle artificially cooled, wliich can 
afterwards be closed by a glass stopper. It condenses in solid 
fibres, like asbestos, which ate tenacious and may be moulded 
by the fingers like wax. Its density at G8® is 1.97. At 77° it 
is liquid, and a little above that temperature it enters into ebul- 
lition, aflbrding a colourless vapour, which produces dense 
white fumes' on mixing with air, by condensing tlie moisture in 
it. The dry acid does not reddeji litmus, an effect, which re- 
quires the presence of moisture. It combines with sulphur, and 
I j)^uduces compounds wlpch are of a brown, green and blue 
colour, and with* one tenth of its weight of iodine forms a com- 
pound of a fine green colour, w’hich assumes the crystalline 
form. Ho'^ted in the acid vapour, caustic lime or barytes in- 
flames and burns for a few seconds; the vapour is absorbed, and 
sulphate of lime or barytes formed. The anhydrous acid has 

^reat affinity for watdr, and when dropped into that liquid, 
occasions a burst of vapour, ‘from the heat evolved. The den- 
sity of its vapour was found to be 3000 by Mitscherlich, but it 
is probably 27G2, and formed of 3 volumes of oxygen and l-3rd 
of a volume of sulphur vapour, condensed into 2 volumes, 
which cpns^citute its coml)ining measure. This vapour is 
resolved by a strong red heat into sulphurous acid and 
oxygen. 

When the Nordhausen acid is retained below 32% well formed 
crystals appear in it, whicli Mitscherlich finds to be a compound 
of two equivalents of JK:id, and one of water, or 
This compound is resolved by heat into the anhydrous acid, 
which sublimes, and the first hydrate, or oil of vitriol. 

The most concentrated oil of \dtriol of the leaden chambers 
(HO-{-SO.{) is a dense, colourless fluid, ^ of an oily consistence 
Mffiich boils at 620% and freezes ift— 29% yielding often regular 
SIX sided prisms of a tabular form. It has a specific gravity 
at 60® of 1.847 or a liCtle hjighei*, but never exceeding 1.850. 
It is a most powerful acid, supplanting all others from their 
combinations, with a few exceptions, and when undiluted is 
highly corrosive. It chars and destroys most organic sub- 
stances. It has a strong sour taste, and reddens litmus even 
though greatly diluted. Sulphur is soluble to a small extent in 
the concentrated acid, and communicates a blue, green or brown 

* El^*mens cle Chimie, par E. Mitscherlich, t. 2, p. 57. 
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tint to it ; so are selenium and tellurium. Charcoal also ap- 
pears to be slightly soluble in this acid, imparting to it a pink 
tint, which afterwards becomes ^reddish brown. The concen- 
trated acid has a great affinity fyr water, which it absorbs from 
the atmosphfre ; and is usefully emp'loyed to dry substances 
placed near it in vacuo. Considerable heat is evolved in its 
combination with water; when 4 parts by weight of the concen- 
trated acid were suddenly mixed with 1 part of wal^r, the tem- 
perature was observed by Dr. Ure to rise to 300^". Tlie 
density of this acid becomes less iv proportion to its dilu- 
tion. 

Acid of sp. gr. 1.78 is a second hydrate, containing two 
atoms of water to one of acid. This hydrate foniM; large and 
regular crystals, even above the freezing point of water, and 
remains solid, according to Mr. Keir, till the temperature rises 
to 45’\ If the dilute acid is cva|)orated* at a heat not exce^fniv^* 
400® its water is reduced to the pro])ortion of this liydrate. 
This second atom of water is expelled by a higher temperature, 
l)ut the first atom can only be separated from tlie acid by a 
stronger base. Sulphuric acid forms still a third hydrate, of sp. 
gr. 1 .G32, containing three atoms of water, tlie pl^oportioii to 
wliicli the water of a more dilute acid is reduced, by evaporation 
in vacuo at 212®. It is also in the proportions of this hydrate, 
that the acid and water undergo the greatest conden^ition, or 
reduction of volume, in combining. The following then are the 
formukc of the definite hydrates of 1.his acid, including lliat 
derived by Mitschcrlich from the Nordhausen acid: — 


HYDRATES OF sVtLVHUUIC ACID. 


Hydrate in the Nordhauscil acid. 
Oil of vitriol (sp. gr. 

Acid of sp. gr. 1.78 *. 

Acid of sp. gr. 1.632 


IIO,2SO, 

HO, SO, 

HO, S03-f HO 
HO, S 03 H 2110 


Sulphuric acief ajts in two ditferent modes upon metals, dis- 
solving iB^rne, such as copper and mercury, with the evolution 
ot sulphurous acid, ai^d others, such as zinc and iron, with 
the evolution of hyflrogen gaiS. The metal is oxidated at the 
expense of the acid itiielf in the oiie case, and of tlic water in 
combination with the acid in the other. The acid acts with 
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most advantage in tlie first mode, when concentrated, and in 
the second when considerably '^diluted. 

The presence of sulpliuric rfcid in a liquid may always be de- 
tected by means qf chloride of barium, which produces with 
this acid a wliite precipitate of sulphate of barytes, insoluble 
in both acids and alkalies. 

Sulphates , — Of no class of salts do chemists possess a more 
minute knc/i^dedge than of the sulphates. The sulphates of 
zinc, magnesia and otlier members of the magnesian family 
^correspond closely with the hydrate of sulphuric acid. Thus 
of tlie seven atoms of water which the crystallized sulphate of 
magnesia possesses, it retains one at 400**, and is then analogous 
to the sulphate of watd’r of sp. gr. 1.78; the formula of these 
two salts being, 

MgO, SO34-HO, 

‘ no, so-j-fiio. 

and the atom of water in both salts may be replaced by sulphate 
of potash, when the sulpliate of water forms tlie salt called the 
bisulphate of potash, and the sulpliate of magnesia forms the 
double suJphate of magnesia and potash, of wdiich the formula; 
also correspond ; — 

HO, 803 + KO, SO3 

MgO, SO3+KO, SO3. 

V* 

In all these sulphates, fiiere is one atom of acid to one of base. 
But woth potash, sulphuric acid forms :i second salt, in which 
tw'^o of acid ure combined wdrb' one of base, and which has 
lately been obtained in a crystallized state by M. Jacquelin.* 
The sulphates are known to corrcHjiond w’ith the chromates, and 
this new salt corresponds wdth red ,hhroinate or liichrornate of 
potash. A third sulpliatq.of potasluis to be looked for, corres- 
ponding with the terchromatc of potash. The series of anhy- 
drous sulphates of potasli, admitting the latter, wdll therefore be 

I. 11, * in. 

Sulphate of potash KO 4 SO3 KO + SO3 K + SO4 
BisuJpliate of potasli k 6 + 2SO3 KQ + 830^ K + S2O7 
Tersulphate of potash KO + 3SO3 KO + S3O9 K + 830^, 

* An. dc Cli. ft dc Pli. t. 70, ]). 3U. 
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Sulphuric acid appears by, the first column to be capable of 
combining with a base in thrpe multiple proportions, and so 
also does chromic and probably also manganic and sclenic acids 
Avliich are isomorphous with ^ulphjiric acid, while nitric acid 
and carl)oni(?acid, so far as is known, combine with bases only 
in one proportion. Iodic acid, it will afterwards be found, cor- 
responds with sulphuric acid in this respect, there being an 
anhydrous ioclate, biniodate and teriodate of soda ^Ir. Penny). 
The composition of such salts is not easily reconciled with the 
doctrine of the constitutional neutrality of salts, or with the 
salt-radical theory, as has already been remarked (page 1 70). In 
the second column these sulphates are represented in a different 
manner, suggested by the relation in composition to each other 
of certain organic acids, particularly of the class including cyanic, 
fulminic and cyanuric acids, in the secynd and third of whicli, 
respectively, the atom of cyanogen is doubled and tr 6 WU(h^ A 
similar duplication and triplication of the atom in compounds, 
seems to be not an uncommon cause of isomerism, as in tlie 
hydrocarburets (page 156’, and table of densities, page 13 J). 
The a(ad itself is supposed in the second column t(j be different 
in these three salts, nanuly SO.,, 820 ^, S 3 OJJ, and •tlm salts 
cease to be anomalous, being all representcjl as neutral salts, 
containing one atom of acid, to one of base. In the third 
coluiiiii, the same view of the constitution of these srJphatcs is 
accommodated to the salt* radical thco^". 

Tliese duplicated and triplicated suljJiuric acids arc supposed 
al)ovc, to form each a monobasic class of sulphates ; but if, 
moreover, it be assumed that, one of them, the (luplicated sul- 
phuric acid 82 Og, with the corresponding chromic acid Cr 2 Og, 
is also capable of forming a blbasic class of salts, then some 
otlicr salts of the same class will be brought more in accordance 
with the general views entertained respecting salts, than those 
salts at present are, as their constitution is generally represented. 
I'lie salts named will be represented as follows ; 


t I may take this opportunity to rectify the statement made respecting 
these acids at page 168. Liebig in his recent memoir on the organic acids 
has represented cyanic acitf as monobasic, MO + CNgO ; fulminic as bibasic, 
2 MO + C2N4O2 ; and cyanuric as tribasic, 3MO + CjNbOj, and not these acids 
as all equally tribasic. An. de Ch. et de Ph. t. 6s, p. 5. 
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Gypsum^ or hydrated sulphate of lima 2 Ca 0 ,S 206 + HO + 3HO 
Johnston’s hydrated sulphate of lime 2 CaO, S 2 O 6 + HO 

Glauberite (sulphate fOf soda and lime) 

Chromate of potash and soda ^ 

Sulphuric acid is employed to a large extent in elimi- 
nating nitric acid from nitrate of potash, and in the preparation 
« 5 )f hydrocliloric acid and cjilorine, from chloride of sodium, and 
also in the processes of bleaching. But the greatest consump- 
tion of this acid is in the formation of sulphates, particularly of 
sulphate of «oda^, by the decomposition of which salt, nearly all 
the carbonate of soda of commerce is at present procured. 

HYPOSULriftJROUS ACID. 

Eq, C02*34 ; S2O2 or SO 2 + S ; not isolable. 

The hyposulphites are better known than hyposulpliurous 
acid itselfj which is a body of little stability, quickly undergoing- 
decomposition, when liberated by a stronger acid from a solu- 
. tion of any of its salts, and resolving itself into sulphurous acid, 
sulphurejj^ed hydrogen and sulphur. These salts, long con- 
sidered as a species of double salts, and called mlphuretted 
sulphites^ wxre first supfiosed to contain a peculiar acid by Dr. 
Thomson and by Gay-Lussac, a conjecture afterwards verified 
by Sir John Herscliell, whose early researches upon this acid 
form the subject of a memoir of great interest.* 

Preparation. — 4T:ie sulphite of soda, prepared by saturating 
a solution of carbonate of soda by i^ulphurous acid (page 319), 
is converted into hyposulphite, by 'digesting it upon flowers of 
sulphur at a high temperature, But without ebullition. The 
sulphurous acid assumes an atom of sulphur, and remains in 
combination with the soda \ or, in symbols — 

NaO-f SO 2 and S = NaO-hSOj, S. 

I 

The solution maj[ afterwards be evaporated, (ebullition bcitifi’ 

* Edinburgh PhiloBophical Journal, vol. 1, pp. 8 and 396. 



[lYPOSULPHUROUS ACID. 


331 


always avoided, as the hyposulphites ^re all partially decom- 
posed at 215:*^ ;) and affords large crystals of the hyposulphite 
of soda. When solution of fcaustic soda is digested upon 
sulphur, the latter is likewise (jissolved, an*d, a mixture of 1 cq. 
of hyposulpHite of soda with 2 eq> of siilphuret of sodium results, 
of wdiich the last may dissolve an excess of sulphqr : — 

3NaO and 4S == NaO + S 2 O 2 and 2NaS. 

Exposed to the air, this solution slowly absorbs oxygen, and if 
it contains a certain excess of sulphur J passes entirely into hypo- 
sulphite of soda. 

The hyposulphite of lime is also formed, by digesting together 
1 part of sulphur and 3 of hydrate of lime at a high temperature, 
when changes of the same nature occur as with sulphur and 
caustic soda, and the solution beconjes red ; a stream of sul- 
phurous acid gas is conducted tlirough the solution aTter'?l has 
cooled, and converts the whole salt into hyposulphite, occasion- 
ing at the same time a considerable deposition of sulphur. The 
reaction here is rather complicated, the sulphurous acid uniting 
with one portion of sulphur, to form hyposulphurpus acid, and 
also liberating another pv)rtion of the same element from the 
sulphuret of calcium. It is expressed in .the following for- 
mula : 

2CaS and 3 SO 2 = 2Ca0 + 2S202, and S. 

Zinc and iron also dissolve in the solution of sulphurous acid in 
water, with little or no effervescence, deriving tlie oxygen neces- 
sary to convert them into oxides, not from watej, but from the 
sulphurous acid, twm-thirds of which are thereby converted into 
hyposulphurous acid,, which combines with half of the oxide 
produced ; while the other .third, remaining as sulphurous acid, 

unites with the other moietf of the same oxide 

• • 

3 SO 2 and 2Zn = Zn O, SgOg and Zn O, SO 2 , 

The hyposulphite obtained by this process is, therefore, mixed 
with a sulphite. . 

Properties, — ^The acid of these saltj undergoes decomposition 
when they are strongly heated, or treated, with an acid. It 
forms soluble salts with lime* and strontian, in which respect it 
differs from sulphurous and sulphuric acids ; the hyposulphite 
of barytes is insoluble. It also forms a remarkable salt with 
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silver, which has no metallic flavour, but tastes extremely sweet. 
The existence of a hyposulphite ^in a solution, is easily recog- 
nized, by its possessing the power to dissolve freshly precipi- 
tated chloride of siLver, and, become sweet. 

Uses , — ^^fhe hyposulphite of soda is employed t8 distinguish 
between the ,earths strontian and barytes, the latter of which it 
precipitates, and not the former. It is also applied, in 
certain circ uni stances, to dissoke the insoluble salts of 
silver. 

, CHLOROSULPHURIC ACID. 

Eq.84S.S or 67,6; SO^Cl; 4652; QH. 

A compound which contains sulphur, oxygen, and clilorine, 
has lately been discovered by M. Ilegnault, which he considers 
a*s a nation of sulpHurous acid w'ith chlorine, and therefore 
a member of the sulphurous keid series.* The circumstances 
of the formation of this compound are singular. Clilorine and 
sulphurous acid gases, dry or humid, may be mixed and even 
transmitted througli a glass tube, containing pounded glass or 
spongy pljitiAum, at all temperatures, without combining. But 
when chlorine, which should be perfectly dry, is allowed to meet 
. in a glass balloon at once sulphurous acid and olefiant gas, per- 
fectly drv^a chloride of sulphurous acid, and a chloride of olefiant 
gas are simultaneously formed, with the evolution of much heat, 
and condense together as^an extremely mobile liquid, of a sharp 
and suffocating odour. Regnault has observed that neither of these 
compounds can be produced without the other, although they are 
produced in a variable relation to' each other as to quantity. The 
olefiant gas, evolved upon heating 6 parts of oil of vitriol with 
1 part of concentrated alcohol, passed through two vessels con- 
taining oil of vitriol, to dry it, contains enough of sulphurous 
acid for the preceding experiment. The liquor produced, thrown 
into water, falls first to the bottom, in the form of oily drops, but 
soon dissolves partially with elevation of temperature, and the 
chloride of olefiant separates unaltered, The clilbrosulphuric acid 
itself, in dissolving, decomposes 1 atom of water, and changes 
into hydrochloric acid and sulphuric aci(J, a reaction which de- 
monstrates the original compourrd to consist of 1 atom of sul- 
phurous acid with 1 atom of chlorine. 

* An. dc Ch. ct de Th. t. 69, p. 170. 
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The density of the vapour of chlorosulphuric acid, was found 
by experiment to be 4703, w;hich agrees with the theoretical 
density 4652. It consists of 2 volumes of sulphurous acid 
and 2 volumes of chlorine condensed into 2 volumes, which form 
the combining measure of the vapour. In its condensation, it 
resembles the vapour of anhydrous sulphuric acid* This body 
also corresponds exactly in composition with the compound 
hitherto called chlorochromic acid, of which the > true formula is 
Cr ()2C1, chromium being substituted in the latter for the sulphur 
of the former. 

Witli dry ammoniacal gas, chlorosulphuric held forms a wdiite 
])Owder, which is a mixture of the hydrochlorate of ammonia 
(sal ammoniac) and the true S02 .t|-Nt 12. It does 

not combine, as an acid, with bases. 

Mr. Lyon Playfair has also lately formed a corresponding 
«or/osul[)hnric acid, by distilling 2 equivalents of iodmt>*wit(i 
1 eq. of sulphite of lead, and by transmitting sulphurous acid 
through a solution of iodine in wood-spirit, in which this com- 
pound is soluble. It is a dense liquid, decomposed by water. 
Mr. Playfair is likely to add other acids to this 

NITROSULPHURIC ACID. 

Eq, 778.2 or 62.3 ] SNO^ or SO 2 , NO.^ ; not isolahle.^ 

Sir H. Davy made the observation that nitric oxide is ab- 
sorbed by a mixture of sulphite of soSlp. and caustic soda, and 
that a compound is produced, of which the principal characte- 
restic is to disengage abundanpe of nitrous oxide, upon the ad- 
dition of an acid to it. He concluded that the nitrous oxide, 
which then escapes^, was previously united with soda, 
and gave this as an instance of the combination of that 
neutral oxide with an alkhli. As the sulphite of soda be- 
came at the same time sul|iliate, the ’conversion of the nitric 
oxide into nitrous oxide appeared to be explained. It has, 
however, been lately proved by Pelouze, that a new acid is 
formed in the circumstances of the experiment, to which he has 
given the name nitrosulphuric, and which may be considered a 
compound of sulphurous acid and nitric oxid§, or another mem- 
ber of the sulphurous acid series.* 

* Pelouze in Taylor’s Scientific Memoirs, vol. 1, p. 470 j or An. dc Ch. et de 
Pli. t. 60, p. 151. 
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Preparation . — If a mixture be made over mercury of 2 volumes 
of sulphurous acid^ and 4 volumes of nitric oxide, which are 
combining measures of these gases, no change occurs ; but on 
throwing up a strong solution o£ caustic potash into the gases, 
they disappear entirely after some hours, combining with a 
single equivalent of potash, and forming together the nitrosul- 
phate of potash. But it is better to prepare the nitrosulphatc 
of ammonia. ‘ A concentrated solution is made of sulphite of 
ammonia, which is mixed with 5 or 6‘ times its volume of so- 
•lution of ammonia, and into this, nitric oxide is passed for 
several hours. A number of beautiful crystals are gradually 
deposited ; they are to be waslied with a solution of ammonia 
previously dookd, which besides tlie advantage of retarding 
their decomj^osition, offers that of dissolving less of them tlian 
pure water. Wlien the crystals are desiccated, they should be 
intrcKvIuCc vl‘into a well closed bottle ; in this state they undergo 
no alteration. The same process is apj)licable to the corres- 
ponding salts of potash and soda. When a strong acid is added 
to a solution of these sjilts, for the purpose of isolating the 
nitrosulphuric acid, the latter on being set free, decorn])oses 
spontanecrasly into sulpliuric acid and nitrous oxide, which 
comes off with effervescence. 

* Properties . — The acid of the nitrosulphates is not precipitated 
by 0^1 The nitrosulphate of potash, when heated, becomes 

suljphite, and evolves nitric oxide ; but the salts of soda and 
ammonia become sulphates, and evolve nitrous oxide. No 
nitrosulphates of the metallic oxides which are insoluble in 
water, have bpen formed, or appear capable of existing; for 
when such salts as chloride of mercury, the sulphate of zinc or 
of copper, the persulphate of iron^ and the nitrate of silver arc 
added to the nitrosulphate of ammonia, they produce a brisk 
effervescence of nitr ms oxide, witji the formation of sulphate 
of ammonia, or they decompose the nitrosul])hate of ammonia 
as free acids do. Indeed the only nitrosulphates which have 
been formed are those of potash, soda and ammonia." These an;^ 
neutral, and have a sharp and slightly bitter taste, with nothing 
of that of the sulphites. , 

These salts vie with the peroxide of liydrogcn in facility of 
decomposition. The nitrosulphate of ammonia resists 230^’, but 
is decomposed with explosion a few degreer. above that tempe- 
rature, caused by the rapid disengagement of nitrous oxide^ 
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Solutions of the nitrosulphates are T*ot stable above the 
freezing point, but their stability is much increased by an excess 
of alkali. They are resolved into sulphate and nitrous oxide, 
by the mere contact of certain pubstjnees, VJiich do not them- 
selves undergo any change, such as spongy platinum, silver and 
its oxide, charcoal powder and peroxide of mangane^se, by acids, 
even carbonic acid, and by metallic salts. 

• 

HYPOSULPHURIC ACID. 

Eg. 902.3 or 7 ^. 24 , ; not kolable. 

Preparation , — This acid of sulphur was discovered by CJay- 
Lussae and Welter, in 1819 . To prepare it,* a'^uantity of 
peroxide of manganese, which must not be hydrated, is reduced 
to an extremely fine powder, suspended by agitation in water.^ 
and sulphurous acid gas is transmijtted through the waterT ^ The 
teniperature is apt to rise during the absorption of the gas, but 
must be repressed, otherwise much sulphuric acid is produced, 
tlie fi)rraation of which, indeed, it is impossible to prevent en- 
tirely, but of which the quantity is reduced almost ^to nothing, 
when the liquor is kept cold during the operation. The perox- 
ide of manganese disappears, and a solution cjf hyposulphate of 
the protoxide of manganese is formed ; 2 equivalents of sulphu- 
rous acid, and 1 of peroxide of manganese, forming onC^tTiy- 
posulphuric acid and one of protoxide (jf manganese, or 

2SO.^ and MnO^ == Mn(J-f O5. 

Tlie solution is filtered, and .then mixed with gL solution of 
sulplmret of barium, which occfisions the precipitation of the 
insoluble sulphuret of manganese, with the transference of the 
hyposuljdiuric acid to barytes. From this hyposulphate of 
barytes, the hyposulphates of other metallic oxides may be pre- 
pared, by adding their sulphates to that kalt, when the insoluble 
sulphate of barytes will precipitate, and the hyposulphate of 
the metallic oxide added remain in solution. But to procure 
the liyposulphuric ^cid itself, the solution of hyposulphate of 
barytes may be evaporated to dryness, ,and being perfectly pure, 
t is reduced to a fine powder, weighed and dissolved in water; 
for 100 parts of it 18.78 parts of oil of vitriol are taken, which 
after dilution with 3 or 4 times as much water, are employed to 
decompose the salt of barytes. The liberated liyposulphuric 
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acid solution is filtered^ and evaporated in vacuo over sulphuric 
acid, till it attains a density of ^,1.347, which must not be ex- 
ceeded, as the acid solution begins then to decompose sponta- 
neously into sulphytous acid, wj^iich escapes, and sulphuric acid 
which remains in the liquor. * 

Properties ^ — This acid has not been obtained in the anliy- 
drous condition. Its aqueous solution has no great stability, 
being decon’ipqscd at its temperature of ebullition. Tlie same 
solution exposed to air in the cold slowly absorbs oxygen, ac- 
f cording to Ileeren, and Jjecomes sulphuric acid. But neither 
nitric acid, nor chlorine, nor peroxide of manganese oxidize this 
acid, unless they arc boiled in its solution. Its salts are per- 
fectly stablt*,* either when in solution, or when dry, and are in 
general very solulde, having some analogy to the nitrates. A 
hyposulphite, when heated to redness, leaves a neutral sulpliatt^, 
aiHW.rco ;>:5 a quantity of sulphurous acid to escape, which would 
be sufficient to form a neutral sulphite with the base of the sul- 
phate. This class of salts was particularly examined by Heeren.* 
Hyposulphuric acid is imagined to exist in acid compounds pro- 
duced by the action of sulphuric acid on some principles of 
organic chemistry, in the sulpho-napthalic acid, for instance. 


SECTION VIII. 

^ SELENIUM. 

»/> 

Eg, 41)4.58 or .39.63 ; Se; density of vapour unknonm. 

This element was discovered* by Berzelius in 1817, in the 
sulphur of Fahlun, employed in a sulphuric acid manufactory in 
Sweden, and was named by him selenium*, from ^SeXr/v//, the moon, 
on account of its strong analogy to another element tellurium, 
which derives its nanietfrom the earth. It is one of the 

least abundant of the elements, but is found in minute quantity 
in several ores of copper, silver, lead, bismuth, tellurium and 
gold in Sweden and Norway ; and in combination with lead, 
silver, copper and mercury in the Hartz. l£ is extracted from a 
seleniferous ore of silver" of a mine in the latter district, and 
supplied for sale ih little cylinders of tlie^ thickness of a goose- 
quill, and three inches in length ; or in the form of small medal- 

♦ PoggendorflTs Annalen, v. vii, p 77. 
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lions of its discoverer. It has also be(5n found in the Lipari 
islands in combination with aulplmr, and can sometimes be 
detected in the sulphuric acid, both of Gei|;many and England. 

1 1 is separate^ from its combinJltion^ with i^ulphur and nieUds 
by a very complicated process, for which I must refer to the 
works of Berzelius,* 

Properties of selenium , — This element is allied j:,o suljdiur, 
and like that body, exhibits considerable variety In its physical 
characters. When it cools after being distilled, its surface 
rcnects light like a mirror, has a deep reddisji l)rown colour, 
with a metallic lustre resembling that of polished blood-stone. 
Its density is between 1.3 and 4.32. Wlien coolcd^lowly after 
fusion, its surhice is rough, of a leaden grey coloTir, if s fracture 
fine-grained, and tlie mass resemldes exactly a fragment of 
cc)])alt. But as scieniiim does not conduct .electricity, and its* 
metallic characters are not constant, it is better classed with tbc 
non-mctallic bodies. Its powder is of a deep red colour. By 
heat it is softened, becoming semifluid at 212% and fusing com- 
pletely a few degrees higher. It remaijis a long time soft on 
cooling, and may then be drawn out like scaling waK into thin 
and very flexible threads, which are grey and exhibit a metallic 
lustre by reflected light, but are transparent and of a rul)y red 
colour by transmitted light. It boils about G50% and giy es^-a/ 
vapour of a yellow colour, less intense than that of sulphur, 
but more so than that of chlorine. The# density of this va])our 
has not been ascertained. 

Selenium combines in three proportions with oxygen, form- 
ing selcnic acid, which corresponds with sulphuric acid, sele- 
nious acid corresponding with sulphurous acid, and a protoxide, 
to vdiich there is no oxide of sidjfliur analogous. 

(X 2 ?ide of seleniunu SeO. — ‘This is a colourless gas, sparingly 
soluble in water, formed wdien*seleiiiuni js licated in air without 
l)urning freely. It has a powerful odour, suggesting tiiat of 
decaying liorse-radish, by means of which the smallest trace of 
^clcTuum may be detected in minerals, wlien heated before the 
hlow-pipc, tliis gas being then formed. 

Selenious acid^ — Selenium' strongly heated in a glass 

bulb, with a current td* oxygen passing over It, takes fire and 

* Annals of Philosophy, vol. 13, p. 401 ; or An, dc Ch. t‘t de J’h. 1. 1), p. 100 ; 
af!»o^Hcr3:elius’8 Traits*, t. 1, p. 334, Brussells edition, 1838. 

Z 



338 


SELENIUM. 


burns with a flame, white at the base, and of a bluish green at 
the point and edges, but not strgngly luminous ; selenious acid 
at the same time condenses as a* white sublimate, in long quadri- 
lateral needles. Ii:s vapoqr ha(? the colour of chlorine. The 
same acid is the sole product of the action of nitri 6 or nitromu- 
riatic acid upon selenium, and is obtained on slowly cooling the 
liquor, in large prismatic crystals, striated lengthwise, which 
have a considorable resemblance 4;o nitre. These crystals are 
hydrated selenious acid. This add is largely soluble, both in 
Vater and alcohol. It is decomposed when in solution and sele- 
nium precipitated* by zinc, iron or sulphite of ammonia, with 
the assistance of a free acid. The selenite of ammonia is also 
decomposed heat and leaves selenium. The selenious is a 
strong acid, displacing nitric and hydrochloric acids from their 
combinations, but is displaced in its turn by the more fixed acids, 
sulptearicj* boracic, ‘&c. 

Selenic aciH, SeOg. — Selenium is brought to this superior 
state of oxidation at a high temperature, by fusion with nitre, 
a process which aflfords the seleniate of potash. The selenic acid 
is precipitated from that salt by the nitrate of lead 5 and the 
insoluble* seleniate of lead, after being washed, is diffused 
through water anjl decomposed by a stream of sulphuretted 
Jiydrogen gas, which converts the lead into insoluble sulphuret 
oTjhati< 4 Kad liberates selenic acid. A solution of this acid may 
be concentrated till its J^oiling point rises to 53 f)®, but above 
that temperature it changes rapidly into selenious acid, with 
disengagement of oxygen. Its density ts then 2.60, and it con- 
tains little mqre than a single equivalent of water, and therefore 
corresponds with the protohydrate of sulphuric acid, or oil of 
vitriol. Selenic acid has never been obtained in the anhydrous 
condition. Zinc and iron are dissolved by this acid, with the 
evolution of hydrogen gas ^ and with the aid of heat it dissolves 
copper and even gold, ah operation in which it is partially con- 
verted into selenious acid. But it does not dissolve platinum. 
To precipitate its selenium, the acid may be digested with 
hydrochloric acid, which occasions the formation of selenious 
acid and the evolution qf chlorine, and then sulphurous acid 
throws down the* selenium. The compqunds of selenic acid 
with bases, so much resemble the corresponding sulphates, in 
their crystalline form, colour and external characters, that they 
can only be distinguished from them by the property which 
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the seleniates have of detonating when ignited with charcoal^ 
and causing a disengagement pf chlorine when heated with 
hydrochloric acid. To separate the selenio from the sulphuric 
acid, Berzelius recommends flie sfituration of the acids with 
potash, and the ignition of the dried salt, mixed with salarn- 
moniac ; the selenic acid is decomposed by the Wmonia and 
reduced to the state of selenium. 


SECTION kl. 

PHOSPHORUS. 

Eq. 392.28 or 31.44 (196.14 or 15.72 according to Berzelius 
and Tamer ;) density of vapour 4327 > p. 

This remarkable element appears to be esser^i^l to the or- 
ganization of the higher animals, being found in their fluids, and 
forming in the state of phosphate of lime, the basis of the solid 
structure of the bones. It is also found in most plants, and 
in a few minerals. Phosphorus was first tjbtained*by,Brand of 
Hamburgh in 1660, but Kunkel first made public a process for 
preparing it, which was afterwards improvefl by MargralF and 
by Scheele, Its ready inflammability, from which 
derived its name, has always riiade this substance an object of 
I)opular interest ; while the singularity^ importance and variety 
of the phosphoric compounds have drawn to them no ordinary 
share of the attention of chemists. 

Preparation . — Phosphorus is* not a substance* that can be 
easily prepared on a small scale, but ever sihce the time of 
Godfrey Hankwitz, to* whom* Mr. Boyle communicated a pro- 
cess for preparing it, phosphorus has been manufactured in 
London, in considerable quantity and 9 f great piifity, for the 
use of chemists. The earth of bbnes is decomposed l>y 2-3rds of 
its weight of sulphuric acid, and the insoluble sulphate of lime 
separated by filtration from the soluble phosphoric acid, which 
passes through with a quantity of phosphate of lime in solu- 
tion. The acid liquor is then evapor&ted to the consistence of 
a syrup, and mixed with charcoal to form a soft paste, which 
is rubbed well in a mortdr, and then dried in an iron pot with 
constant stirring till the mass bej^ns to be red hot. It is al- 
lowed to cool, and introduced as' rapidly as possible hit a storie- 

' z 2 
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ware retort, previously covered with a coating of fire clay. The 
beak of the retort is inserted into r a wider copper tube of a few 
feet in length, the free end of which is bent downwards a few 
inches from its extremity ; r andHhe descending portion intro- 
duced into a wide-mouthed bottle, containing enough of water 
to cover the erctremity of the tube to the extent of a line or two. 
The heat of the furnace in which the retort is placed, is slowly 
raised for three** or four hours, and then urged vigorously till 
|)hosphorus ceases to drop into the water from the copper tube, 
which may continue from*’ fifteen to thirty hours, according to 
the size of the retort. Carbon at a high temperature takes 
oxygen from the phosphoric acid, and becomes carbonic oxide, 
so that the ]^6sphorus is all along accompanied by tliat gas. 

Wohler recommends, instead of the preceding process, to 
calcine ivory black, which is a mixture of phosphate of lime and 
charefbai',' witl^he quartzy sand and a little more ordinary char- 
coal, in cylinoers of fire clay, at a very high temperature. Each 
cylinder has a bent copper tube adapted to it, one branch of 
which descends into a vessel containing water. The efficiency 
of Wdhler^s ^process depends upon the silica acting as an acid, 
and combining with the lime of the phosphate, at a high tem- 
perature, while the liberated phosphoric acid is decomposed by 


\he carbon. 


— ^At the usual temperature phosphorus is a 
translucent soft solid of a light amber colour, which may be 


bent or cut with a knife, and the cut surface has a waxy lustre. 
Its density is 1.77* Pliosphorus melts at 108®, undergoing a re- 
markable dilatation of-0.0314 of its volume and becoming trans- 
parent and colourless immediately before fusion. It forms a 
transparent liquid, possessing lik^ most* combustible bodies, a 
high refracting power. At 217® it * begins to emit a slight va- 
pour, and boils at 550®, being converted into a vapour which 
is colourless, ofsp. gr. 4355, according to the experiment of 
Dumas, which coincides almost with the theoretical density 


4327. Its combining measure, like that of oxygen, is 1 volume 3 
allowing its equivalent to be 392. When *fused and left un- 
disturbed, it sometimes ^remains liquid for hours at the usual 
temperature, particularly* when covered by an alkaline liquid, 
but becomes solid when touched. Thenard has observed that 


when cooled very suddenly, as by throwing it melted into ice- 
cold water, t becomes absolutely black. Light causes it, in 
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all circumstances, to assume a red tint;; to avoid which action 
phosphorus is usually preserved in an opaque bottle. From its 
solution in hot naphtha it may be obtained, in cooling, in re- 
gular dodekahedral crystals. ^ It is quite ^insoluble iii water, 
but solubleto a small extent, with tlfe aid of heat, in fixed and 
volatile oils, in sulphuret of carbon, of which lOO^parts dissolve 
20 of phosphorus, in chloride of sulphur, sulphuret of phos- 
phorus, and ether. 

Phosphorus undergoes oxidation in the open air, and diffuses 
white vapours, which have a peculiar* odour, suggesting to some 
that of garlic, and are luminous in the dark ; and at the same 
time the phosphorus becomes covered with acid drops, which 
arise from the phosphorous acid, .produced ijj-Hdiese circum- 
stances, attracting the humidity of the air. This slow combus- 
tion is attended with a sensible evolution of heat, and may 
terminate in the fusion of the phosphorus,* and its inilafx.matidn 
with combustion at a high temperature. Theft is a necessity 
for caution, therefore in handling phosphorus, a burn from this 
body in a state of ignition being in general exceedingly severe. 
It is preserved under the surface of water. The low combustion 
of phosphorus has been particularly studied. It is not ob- 
served a few degrees below 32% but is sensible at that tempe- 
rature, and increases perceptibly a few degrees above it. Thpr 
presence of certain gaseous substances, even in 
tity, has a remarkable effect in preventing the slow combus- 
tion of phosphorus ; thus at 66 % it'^is entirely prevented by 
the presence. 

Volumes of Air. 

of I volume of olefiant gas in . . *. 450 

of 1 volume of vapour of sulphuric ether in. 150 

of 1 volume of vapour of naphtha in. . . 1820 

of 1 volume of vapour*of oil of turpentine in. 4444 

and the influence of these gases or vSpours is not confined to 
low temperatures, a certain admixture of all of them defending 
pliosphorus from oxidation even at 200®. But on allowing such 
a gaseous mixture, to expand, by diminishing the pressure upon 
it to a half or a tenth, the phosphorus becomes luminous, and 
the proportion of foreign gas required to preyent the slow com- 
bustion must be greatly increased. The only explanation of 
this phenomenon, which can be offered at present, is that the 
gases which exert this influence have an attraction for oxygen, 



342 


PHOSPHORUS. 


and there is reason to believe are themselves undergomg a slow 
oxidation at the same fime. Now when two oxidable bodies 
are in contact, one of them oftep tkkes precedence in combining 
with oxygen, to the entire exclusion of the other. Potassium 
is defended from oxidatien* in air, by the same* |’’apours, al- 
though to a less degree.^ It is curious that in pure oxygen, 
phosphorus nlay remain without oxidating at all, at tempera- 
tures below ^^0®, but an inconsiderable rarefaction of the gas, 
from diminution of the pressure upon it, will cause the phos- 
phorus to burst into the luminous condition. The dilution of 
the oxygen with pitrogen, hydrogen or carbonic acid produces 
the same effect. When gradually heated in air, phosphorus 
generally catclies fire, and begins to undergo the high combus- 
tion, before its temperature*has risen to 1 40®; of this high com- 
bustion, the sole jiroduct is phosphoric acid. 

» PhggjjJiiffns is susceptible of four different degrees of oxida- 
tion, the highgst of which is 'a powerful acid, while the acid 
character is not absent even in the lowest. These compounds 
are: 


Oxide of phosphorus. 
•Hypophosphorous acid. 
Phosphorous acid 
Phosphoric acid. 


. 2P-hO 
. P-hO 
. P+30 
. P + 50. 


OF PHOSPHORUS. 

Eq, 884.56 or 70.88 ; P 2 O. 

When burned in air or oxygen, phosphorus generally leaves 
behind it a small quantity of a red matter, which is an oxide of 
phosphorus. The same compound's obtained, in larger quan- 
tity, by directing a stream of oxygen gas, upon melted phos- 
phorus, under hot water, and was found by Pelouze to contain 
3 equivalents of phosphorus to 2 of oxygen.f 

But this oxide is impure, and the definite oxide appears to 
have been first obtained by Leverrier, who •has carefully exa- 
mined it,t His process is»to expose to the air small fragments 

* Quarteriy Journal of Science, N,S. yoi vi. p. 83. 

t An. de Ch. et de Ph. t. 50, p. 83. 

X Au. de Ch. et dc Ph. t. 65, p. 257. 
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of phosphorus covered by the liquid ichloride of phosphorus 
(P CI3), in an open bolt-head.. Phosphoric acid is formed, and 
also a yellow matter, which he*finds to be a phosphate of the 
oxide of phosphorus, and which gives a yellow solution with 
water. ThA solution is decomposed about 17^% and a floccu- 
lent yellow matter subsides, which is a hydrate c£ the oxide of 
phosphorus, nearly insoluble in water. This compound aban- 
dons its combined water, wlien dried in vacuo over sulphuric 
acid, or when cooled below 32®, when the water separates as 
ice, and oxide of phosphorus remains^perfectly pure. 

The oxide of phosphorus is a powder of a canary yellow co- 
lour, denser than V'^ater, and soluble neither in water, alcohol, 
nor ether. It may be kept in dry air without'^ange. It re- 
sists a temperature of 570® without decomposition, but assumes 
a lively red colour ; and does not tal^e fire in air till heated a 
little above the boiling point of mercury. * This oxide "absorbs 
dry ammoniacal gas, and appears to form feeble combinations 
with the fixed alkalies. Leverrier assigns to its hydrate the 
composition P 2 O+ 2 HO, and to its phosphate, 2 P 2 O + 3 PO 5 . 

HYPOPHOSPHOROUS ACID. 

Eg. 492.28 or 39.44 ; PO ; not isolable. 

This acid was discovered in 1816 by Dulong.* It was ob- 
tained by the action of water upon the phosphuret of barium, 
of which th^ phosphorus of one portion oxidates and becomes 
the acid in question, at the fexpense of the water, w^hile the 
phosphorus of another portion, combining with the hydrogen 
of the water, produces* phosphuretted hydrogen gas. Rose pre- 
pares the same hypophosphite of barytes, by boiling phospho- 
rus and caustic barytes together, till alj the phosphorus disap- 
])ears and the vapours have no longer the smell of garlic.f 
This solution is filtered, and to separate the hyphosphorous 
acid from barytes, diluted sulphuric acid is added which 
precipitates the latiber. The acid remaining in solution may be 
concentrated with caution, to the coAsistence of a thick syrup, 
but affords no crystsAs* IVlore strongly heatfed, this hydrate of 

* An. de Ch. ct de P!i. t. 2. p. 141. 

t H* Rose, siir les Hypophospbites, An. de Ch. et de Ph. t. 38| p. 258. 
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hypophosphorous acid, undergoes decomposition, being con- 
verted into phosphoric acid, with the evolution of phosphuretted 
hydrogen and a deposition of phosphorus (Dulong). 

The hypophosphites are all soluble in water, and like the salts 
of the magnesian family, such as those of magnesib and cobalt, 
easily crystaiyzed. The dry salts are permanent in the air, but 
their solutions evaporated by heat, absorb oxygen. They con- 
tain equivalents of water, which are essential to their cons- 
titution (Rose). 

Considering the disposition of the acids of phosphorus to 
be bibasic and fribasic, it is not impossible that the real 
equivalent of this acid may be either 2PH-20, like hyposulphu- 
rous acid, or^^^ 4*30, ‘instead of PO. The subject requires 
farther investigation. 


PHOSPHOROUS ACID. 

o 

Eq. G92.28, or 55.44; PO 3 . 

Preparation . — This acid is the principal product of the slow 
combustion of phosphorus, but changes after its formation into 
phosphoF.c acid, from the absorption of oxygen. It may be 
obtained in the anhydrous condition by burning phosphorus 
^ ^ith imperfect access of air. Berzelius recommends for this 
fr ''I ^ a tube of glass, about 10 inches in length and \ inch 
in diameter, which is nearly closed at one endj an opening no 
greater than a large pii> hole being left there, and at a distance 
of an inch from this extremity the tube, is bent at an obtuse 
angle. A small fragment of phosphorus is inftoduced into 
the angle of the tube, and heated till it takes fire. It burns 
with a pale greenish dame, and the phosphorous acid produced 
is carried along by the feeble current of air, and condenses in 
the ascending part of the tube, aii a white powder, not in the 
slightest degree crystaliine. The pliosphorus must not be so 
much heated as to cause it to sublime unchanged. In contact 
with air, phosphorous acid is apt to inflame, from the heat oc- 
casioned by the condensation of moisture, and is converted into 
phosphoric acid. The phosphorous acid itself is immediately 
soluble in water, ^yhile the phosphoric acid, which it sometimes 
contains, remains for a short time undissolved, in the form 
of white translucent flocks. 

Hydrated phosphorous acid,, which is the source of pure 
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phosphuretted hydrogen gas, cannot be 'obtained without some 
trouble. When a few drops of water are thrown on the chlo- 
ride of phosphorus (P CJ3) that compound evolves hydrochloric 
acid gas, and gives hydrated phosphorous acid. But it is more 
convenientlyi obtained by the metfiod of JOroquet. Two or 
three ounces of phosphorus are melted in a cylindrical glass 
receiver or sealed tube, of 8 or 10 inches in length and nearly 
an inch in diameter, and t^^e tube nearly filleji^with water. 
This tube, which will contain a column of fluid phosphorus 
of 5 or 6 inches in height is then prqperly disposed in a bason# 
or bolt-head of warm water, so as to retain the phosphorus 
fluid. Chlorine gas is conveyed by a quill tube, from the flask 
in which it is generated, to the bottom of the flu^jl phosphorus, 
where combination takes place with ignition, and the chloride 
of phosphorus is formed. This chloride is dissolved by the 
water covering the phosphorus, and coflverted into hydrochloric 
acid and phosphorous acid. Thcf chlorine must be transmitted 
very slowly through the phosphorus, as any portion of that 
gas which reaches the water, converts the phosphorous into 
phosphoric acid : and the absorption of the chlorine by the 
phosphorus is most complete, when it is free frofti ^ny other 
gas. When the remaining phosphorus fixes, upon cooling, the 
acid fluid may be poured off, and concentrated by boiling, till 
it becomes syrupy and the volatile hydrochloric acid is e.^rc^^ 
expelled, Phosphuretted hydrogen may also be obtained from 
the iodide of phosphorus, which is moi ^ easily prepared. 

Properties * — ^In its most concentrated state, the hydrate of 
phosphorous^ acid contains three equivalents of water, its for- 
mula being 3 HO + PO 3 ; and ‘when heated it is*resolved into 
hydrated phosphoric acid, and pure phosphuretted 'hydrogen 
gas,' which is not spontaneoifsly inflammable. The solution of 
phosph 6 rous acid absorbs oxygen from the air, slowly, if con- 
centrated, but quickly when* dilute. Like sulphurous acid, it 
takes oxygen from the salts of mercury and the less oxidable 
metals, and precipitates the letter, particularly when aided by 
heat. It is one of the feeblest acids known. 

The class of phosphites, which has been exa- 
mined is certainly tribas^c, that is, they contain 3 atoms of base 
to 1 of phosphorous ^acid. The hydrated acid is the tribasic 
phosphite of water. All our information respecting them is 
contained in the papers of Berzelius.* 

* An. ilc Ch. ctde Ph. t. 2, pp. 151, 217, 329 ; and 10, p. 278. 
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PHOSPHpMC ACID. 

Eq. 892.28, or«7*1.44^ forms three hydrates and three 
classes of salts : 

Monobasic piiosphate of water ^ or unetaphosphate 

of water ..... HO + PO5 

Bibasic phosphate of water ^ or pyrophosphate of 

water. ..... 2 HO + PO 5 

Tribasic phosphate of wat^r^ or phosphate of water 3110 + PO 5 

Preparation. — ^To obtain this acid in a state of purity, the 
most conveniant process is to set fire to about a drachm of 
phosphorus upon a little metallic eapsule, placed in the centre 
of a large stone-ware plate, and immediately cover it by a dry 
‘bell ja»of the largest size. The phosphorus is converted into 
white flakes of phosphoric acid which are retained, with very 
little loss, within the bell-jar, and. fall upon the plate like snow. 
The dry phosphoric acid is distinguished by the same shade of 
white, absence of crystallization, and perfect opacity, as solid 
carbonic*acid. Exposed for a few minutes to the air, it deli- 
quesces I and when the solid acid is collected in a wine-glass, and 
a few drops of water are thrown upon it, it is converted into a 
nydiit^with explosive ebullition, from the heat evolved. The 
anhydrous acid is perfectly fixed, unless in the presence of 
aqueous vapour, when sublimes away, probably in the state 
of a hydrate. 

Phosphorus may likewise bq oxidated by means of nitric 
acid. In this operation, the’ fuming nitric acid should be 
diluted with an equal bulk of water, to qvoid accidents from the 
violent action of the acid, which may cause the phosphorus to 
be projected in a state of ignition } the diluted acid is boiled 
upon the phosplmrus, jtnd being ‘afterwards evaporated to dry- 
ness, it yields a hydrated phosphoric acid. 

Phosphoric acid is also obtained in large quantity from cal- 
cined bones, which are reduced to a fine ^powder and mixed 
with 4-5ths of their weight of oil of vitriol, previously diluted 
with 4 or 5 timep its bulk of water, as in the preparation of 
phosphorus (page 339). Carbonate of ammonia is then added 
to the filtered solution of phosphoric acid and the resulting 
phosphate of ammonia being evaporated to dryness and heated 
to low rddness in a platinum crucible, a hydrated phosphoric 
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acid remains, in a fused state, which is known as glacial phos- 
phoric acid, from its resemblance to ice. 

To exhibit many of its projferties phosphoric acid must be 
first dissolved in water, when the compound jvill be found to be 
marked by an |inconstancy and variableness m its characters, 
most unusual in a strong acid. This arises from the circum- 
stance that it is not actual phosphoric acid which flissolves in 
water, any more than it is true sulphuric acid, wliigh dissolves 
in water, when oil of vitriol is added to that fluid, ll is a hydrate 
of both acids, which is soluble 5 the phosphate of water in the 
one case and the sulphate of water in the other.# But the phos- 
phoric acid diflers from the sulphuric, in a singular and almost 
peculiar capacity to form three different salts of instead 

of one only ; and these three phosphates of water are all soluble 
without change, and exhibit properties so diflerent that they 
might be supposed. to contain three diflbfent acids. When the* 
dry acid from the combustion of ‘phosphorus is thrown into 
w^ater, it produces a mixture, in variable proportions, of the 
three hydrates ; but each of them may be had separately and 
in a state of purity by a particular process. 

Terliydrate^ or tribasic phosphate of water ^ 3HO Tlie 

common phosphate of soda of pharmacy may be had recourse to for 
all the hydrates of phosphoric acid ; but it shoulcfbe first dissolved 
and crystallized anew to purify it. To a warm solution of/Vv 
pure phosphate of soda in a bason, add a solution of acetate of 
lead in distilled water, so long as it occaAons a precipitate ; the 
phosphate of soda requires rather more than an equal weight of 
acetate of lead. The dense Insoluble phosphate of lead, which 
precipitates, is washed, and being afterwards suspended in cold 
water, is decomposed by a strea-m of sulphuretted hydrogen gas 
sent through it. The liquor m^ then be warmed, to expel the 
excess of sulphuretted hydrogen, and filtered from the black 
sulphuret of lead : it is very sotir, and contains the terhydrate 
of phosphoric acid. The characters of this acid solution are, to 
give a yellow precipitate with nitrate of silver, to yield the 
common phosphate of soda when neutralized with carbonate of 
soda, to form salts which have invariably 3 atoms of base to 1 
of phosphoric acid, and tp be unalterabfe by boiling its solution 
or keeping it for any length of time. The class of salts which 
this hydrate forms are the old phosphates, which liave been 
long known, and it is convenient to allow them to be particu- 
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larly distinguished as the phosphates or the common phos- 
phates. 

Deuto-hydrate of phosphoric acid^ or bibasic phosphate of 
watery 2HO + PO^. — Dr. Cla^k first discovered that when the 
phosphate of soda is heated to redness, it is comj^letely changed, 
and after being dissolved in water affords crystals of a new salt, 
which he named the pyrophosphate of soda, an observation 
which led to^the most important^results.^ If a solution of this 
salt, which it is not necessary to crystallize, be precipitated by 
acetate of lead, the insc^luble salt of lead washed and decom- 
posed by sulphuretted hydrogen, as before, an acid liquor is 
obtained which [contains the deuto-hydrate of phosphoric acid. 
It must n4i^e warmed to expel the excess of sulphuretted 
hydrogen, but be left in a shallow bason for 24 hours to permit 
the escape of that gas. This acid, when neutralized with car- 
bonate of soda, gives Dr. Clark’s pyrophosphate of soda. It 
also gives a white precipitate with nitrate of silver ; all the 
salts which it forms, have uniformly two atoms of base. Their 
trivial name is the pyrophosphatesy and since that term has come 
into general use, it is not likely to be superseded by ^le syste- 
matic, J)u< rather cumbrous designation of bibasic phosphates. 
A dilute solution of the deuto-hydrate of phosphoric acid may 
be preserved for many months without change, but when the 
si.iabit|qn is exposed for some time to a high temperature, it 
passes entirely into the terhydrate. 

Protohydrate of pJipsphoric acid. — If the biphosphate of soda 
be heated to redness, a salt is formed, which treated in a similar 
manner with the last, gives an acid liquor, containing the pro- 
tohydrate of phosphoric acid. To prepare the bipliosphate 
itself, a solution of the terhydrate of ^phosj)horic acid is added 
to a solution of common phosphate of soda, till it is found that 
a drop of the latter is no longer precii)itated by chloride of 
barium. The biphosphate of Soda, which is now in solution, 
can only be crystallized in cold weather. The glacial phos- 
phorte acid also, is in general almost entirely the protohydrate. 
This l^ydrate is characterized by producing* a white precipitate 
in solution of albumen, and in solutions of the salts of earths 
and metallic oxides precipitates 'which are remarkable semifluid 

• Edinburgh Journal of Science, vol, VII p, 2D8, (1826) ; or An. de Ch. etdePh. 
t. 41. u. 276. 
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bodies, or soft solids, without crystallization- All these salts 
contain only one atom of base ,to one of acid, like the proto- 
hydrate of the acid itself. The ‘trivial name metaphosphaies 
was applied to the class by mysftlf, marie 4;hc cause of the 
retention of peculiar properties l)y their acid, when free and in 
solution, namely that it was not then simply phosphoric acid, 
but phosphoric acid together with water,* This is the least 
stable of the hydrates of phospfforic acid being convurted rapidly, 
by the ebullition of its solution, into the terhydrate. If the 
terms metaphosphoric add and prjrophosphoric add are employed 
at all, it is to be remembered that they are applicable to the 
proto and deutohydrates, and not to the acid itself, which is the 
same in all the hydrates. But to prevent the cktTicc of mis- 
conception, metaphosphate of water and pyrophosphate of water 
might be substituted for these terms. , 

A solution of the terhydrate of phosphoric acid, evaporated 
in vacuo over sulphuric acid, crystallizes in thin plates, which 
are extremely deliquescent. When heated to 400% that hydrate 
loses a portion of water, and becomes a mixture of the deuto 
and protohydrates ; and by heating it to redness for gome time, 
the proportion of water may be reduced to one equivsient, or 
perhaps even less than this. But at that high tg raperature much 
of the hydrated phosphoric acid passes off in vapour. The so- 
lution of phosphoric acid is not poisonous, nor when 
trated does it act as a cautery, but it injures the teeth from its 
property of -dissolving phosphate of lim«. A solution of the 
latter salt in phosphoric acid has been prescribed in rickets, a 
disease which indicates a deficiency of earthy phosphates in the 
system. The phosphate of soda also is administered as a mild 
aperient ; its taste is saline, bu^ not disagreeably bitter. 

Phosphates. — ^The formation of thrde classes of phosphates 
from the three basic hydrate^ of phosphoric acid, affords an 
excellent illustration of the formation bf compounds by sub- 
stitution, The quantity of fixed base, such as soda, with which 
phosphoric acid combines in the humid way, being entirely 
regulated by the proportion ^ of water previously in union with 
the acid, which is simply replaced by the fixed base. Thus, the 


* Researches on the arseniates, phosphates and modifications of phosphoric 
acid. Phil Trans. 1833, p. 253 j or Phil. Mag. 3rd series, vol, 4, p. 401. 
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protohydrate of phosphoric acid combines with no more than 
one, and the deutohydrate with* no more than two proportions 
of soda, although three or a larger number of proportions of 
alkali be added to it. 'l^h# excess of alkali remaiiis free. Again, 
supposing an equivalent quantity of the terhy^rate of phos- 
phoric acid^in solution, and one equivalent of soda added 1:o it, 
one equivalent only of water is displaced, and two retained, and 
a phosphate'^ormed, containing •one of soda and two of water 
as bases, which is the salt already adverted to under its old 
name of biphosphate of 'soda. Let a second equivalent of soda 
be added to this salt, and a second basic atom of water is dis- 
placed, and a tribasic salt produced, containing two of soda and 
one of watSTas bases, which is the common phosphate of soda 
of pharmacy. A third equivalent of soda added to the last salt 
displaces the remaining atom of basic water, and a tribasic 
phosphate is formed, of which the whole three atoms of base 
are soda, and which has had the name of subphosphate of soda. 
But this last salt can unite with no more soda. The 
same three salts may be formed by means of the tribasic 
phosphate tof water, in another manner. That acid* hydrate 
decompdses chloride of sodium, but only to a certain extent, 
expelling hydrocfeloric acid, so as to acquire one of soda, and 
! becoming 2110, NaO-f PO5, or the biphosphate of soda (ap- 
pTyiflg the old trivial terras) ; the same acid hydrate applied to 
the carbonate or the acetate of soda, can assume two propor- 
tions of soda, displaciitg twice as much of the weaker carbonic 
and acetic acids, as of the hydrochloric acid, and so becomes 
HO, 2NaO + P05, or the comipon phosphate of soda; and the 
same acid hydrate applied to the hydrate of soda (caustic soda), 
assumes three of soda, and becomes B^NaO + PO^, or the sub- 
phosphate of soda. 

From soluble tribasic phosphates, such as those mentioned, 
insoluble salts may be precipitated, which are likewise tribasic, 
by adding solutions of most metallic salts. Thus 1 equivalent 
of the common phosphate of soda, added to the nitrate of silver 
in excess, decomposes 3 equivalents of it; and produces the 
yellow tribasic phosphate of silver, as explained in the following 
diagram, in which the name of a substance is understood to 
express one equivalent of it, and the figures, numbers of equi- 
valents ; — 
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Before decompositioD, 

Phospliateof|^ 


soda 


3 Nitrate of 
silver 


{ 


Water 

Phosphoric acirf 
% Nitric acid • . . . 

Nitric acid . . . . 
3 Oxide of silver 



!l\ftcr decomposition. 
-yo nitrate of soda 
^nitrate of water 


Phosphate of silver 
(Tribasic ^Uosplu silv.) 


Here, then, is exact mutual decomposition, but it is attended 
with a phenomenon which does not oeflur when other neutral 
salts decompose each other. The liquid does not remain 
neutral, but becomes highly acid after precipitation ; the reason 
is, that one of the new products is the nitrate*t5t water, or 
hydrated nitric acid; and consequently the products, although 
neutral in composition^ are not neutral to test paper. 

The pyrophosphate of soda, whiej^ is bibasic, decomposes, on 
the other hand, two proportions of nitrate of silver, and gives a 
pyrophosphate or bibasic phosphate of ilver, which is a white 
precipitate ; thus — 


Before decomposition. After dedbmposition. 

Pyrophosphate T 2 Soda —2 nitrate o^ soda 

of soda \ Phosphoric acid 

2 Nitrate of f 2 Nitric acid . . 

silver f 2 Oxide of silver -^Pyrophos. of silv. 

(Bibasic phos. sil.) 


Here there is no salt of water, among the products, and conse- 
quently the liquid is neutral after precipitation. 

The metaphosphate of soda, \vhich is monobaSc, like the 
sulphates, nitrates and other familiar salts, decomposes, like 
them, but one proportion of piftate of silver, and forms a white 
precipitate; thus — 


Before decomposition. 

Metaphosph. f Soda 

of soda 1 Phosphoric acid^ 

Nitrate of rNitfic^acid . . 
silver \ Oxide* of silver " 


•After decomposition. 

^Nitrate of soda 

^Metaphosphate of silv. 
• (Monobasic phos. silv.) 


If acetate or nitrate of lead be substituted for nitrate of silver 


in these decompositions, a tribasic, bibasic or monobasic salt of 
lead is obtained in the same manner ; and these salts, again, 
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decomposed by sulphitretted hydrogen, afford respectively the 
terhydrate, deutohydrate and pj;otohydrate of phosphoric acid. 
The statement of the decomposition of the metaphosphate of 
lead by sulphuretted hydrogen, will be sufficient to ex- 
plain how a hydrate of pliosphoric acid comes t<5 be formed in 
all these cas/ss : — 


Before decompb4tion* 


After decomposition. 


Metaphosph, 
of lead 


rpi 

•<^0 

II; 


Phosphoric acid 
Oxygen , . . 

licad 

Sulphuretted f Hydrogen . . 
hydrogen \ Sulphur . , , 


Z 



Metaphosph. of w'ater 
(Protohydr. of phos. ac.) 


Sulphuret of lead. 


It will be observed that the sulphuretted hydrogen forms an 
equivalent of water, at tthe same time that it throws down the 
sulphuret of lead ; in this phosphate of lead, there is only one 
equivalent of oxide of lead, and consequently only one equiva- 
lent of water formed, but if there were two or three equivalents 
of oxide, there would be two or three equivalents of water 
formed ; or4:he phosphoric acid is always left in combination 
with as ffiany proportions of water as it previously possessed 
of oxide of lead, x Thus the different hydrates of phosphoric 
^cid are obtained, from the decomposition of the corresponding 
pEospfiates of lead. 

In no decomposition:, of this kind, is there any transition from 
one class of phosphates into another, because the decompo- 
sitions are always mutual, and the products of a neutral charac- 
ter. Hence an argument for retaining the trivial names, common 
phosphates, pyrophosphates and metaphosphates, for there is 
no changing, in decompositions by the humid way, from one to 
the other, and the salts comport themselves so far quite as if 
they had different acids. The^ circumstances may now be 
noticed, in which a transition from the one class to the other 
does occur : 

1st. — Changes without the intervention of a high tempera- 
ture. When solutions of the metaphosphate and pyrophosphate 
of water are warmed, they pass gradually into the state of com- 
mon phosphate, ® combining with * an additional quantity of 
water ; and the metaphosphate of water appears then to become 
at once common phosphate, without passing through the 
intermediate state of hydration of the pyrophosphate. The 
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metaphosphate of barytes also, which in an insoluble salt, is 
gradually dissolved, when boiled in water, and becomes com- 
mon phosphate. The easy transition from the one class of 
phosphates to the other, then witnessed, fbybids the supposi- 
tion that the)® contain different acids. * It is remarkable that we 
may have pyrophosphates of potash and of ammoni% in solution, 
and perfectly stable, but not in the dry state. These salts do 
not crystallize. The pyrophosphate of ammonia ^ideed, when 
allowed to evaporate spontaneously, appears to crystallize, but 
in the act of becoming solid, it passes# into common phosphate 
(the biphosphate of ammonia, 2HO, NH^O + POg)^ which is the 
salt that forms crystals. 

2nd. — Changes with the intervention of a high. -temperature. 
If a single equivalent of phosphoric acid, anhydrous, or in any 
state of hydration, be calcined, at a temperature which may fall 
a little short of a red heat, (I®) with a single 'equivalent of sodif 
or its carbonate, the metaphosphate of soda will be formed 5 
(2**) with two equivalents of soda or its carbonate, the pyrophos- 
phate of soda will be formed; and (3**) with three equivalents of 
soda or its carbonate, a common phosphate of soda will be foi:ined. 
Hence, the formation of none of these classes is peculiarly the 
effect of a high temperature. Again, a tribasic phosphate, con- 
taining one or two equivalents of a volatile base, such as water 
or ammonia, loses the volatile base, when ignited^ 
the acid remains in combination with the fixed base. Hence, 
common phosphate of soda (HO, 2NaCJ[+P05) is converted by 
heat into pyrophosphate (2Na0+P05,) the original observation 
of Dr. Clark; and the biphosphate of soda (2HO^ NaO-fPOg) 
into metaphosphate of soda (NaO -fPOg). The acid remains 
in combination with t^e fixed base left with it, and the salt 
produced may be dissolved in water without assuming basic 
water. 

The metaphosphate of soda is susceptible of a remarkable 
conversion, by the agency of a certain temperature, and exhibits 
a change of nature, without a change of composition, such as 
often occurs in organic compounds, but rarely admits of so 
satisfactory an explanation. This particular sajt, in common 
with all the other phosphates, combines witlj water, which be- 
comes attached to the salt, in the state of constitutional water, 
or water of crystallization. The metaphosphate of soda, so 
hydrated, when dried at 212®, retains one equivalent of water, 
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but that water is not b?isic, for on dissolving the salt again, it is 
found still to be a metaphosphate. But let this hydrated 
metaphosphate be heated to 300% and without losing anything, 
it changes completf^ly, and becoQies a pyrophosphate, the water 
which was constitutional before, being now basic. *The formulae 
of the salt in its two states, exhibits to the eye the nature of 
the internal change which has occurred in it : 

1. — Hydrated metaphosphate of soda . NaO, PO5 + HO, 

2. — Pyrophosphate of soda and water . NaO, HO + POg. 

In describing the three classes of phosphates, with their rela- 
tions to each other, I liave been thus minute, partly because 
considerable tsplanatory detail was required, from the extent of 
the subject, but principally that we might avail ourselves of • 
the light which the phosphates have thrown upon the constitu- 
tion of the class of organic acids, and upon the function of water 
in many compounds. Indeed, phosphoric acid is one of the 
links by which mineral and organic compounds are connected. 
And it may be reasonably supposed that it is that pliancy of 
constitution^ which we have studied, that peculiarly adapts 
this, above all other mineral acids, to the wants of the animal 
economy. 


SECTION X.^ 

CHLORINE. 

ic 

Eq, 442,65 or 35.47 ; Cl; density 2440; | j | . 

This body was discovered by Scheele in 1774, but was believed 
to be of a compound nature, till Gay-Lussac and Thenard in 
1809, shewed that it might reasoba^ly be considered a simple 
substance. It is to the powerful ‘advocacy of Davy, however, 
who entered upon the investigatioh shortly afterwards, that the 
establishment of the elementary character of chlorine is princi- 
pally due, and to him it is indebted for the name it now bears, 
which is derived from 'xJ^iopos^ yellowish green, and refers to 
its colour as a^^as, elementary bodies being generally named 
from some remarkable quality or important circumstance in 
their history. Chlorine is the leading member of a weU-marked 
natural family, to which also bromine, iodine and fluorine belong. 
Phosphorus, carbon, hydrogen, sulphur, and most of the pre- 
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ceding elementary bodies, have little dir no action upon each 
other, or upon the mass of# hydrogenous, carbonaceous and 
metallic bodies to which they are exposed in the material world ; 
all these sub|tances being too ^imikr^ in mfture, to have much 
aflSnity for each other. But the class to which chlorine belongs, 
ranks apart, and, with a mutual indifference to* each Other, 
they exhibit an intense affinity for the members of the other 
great and prevailing class, af!i affinity so genera?as to give the 
chlorine family the character of extraordinary chemical activity, 
and to preclude the possibility of an^ member of the class ex- 
isting in a free and uncombined state in nature. The com- 
pounds again of the chlorine class, with the exception of those 
of fluorine, are remarkable for solubility, and cOfisequently find 
a place among the saline constituents of sea water, and are of 
comparatively rare occurrence in the. mineral kingdom ; witjji 
the single exception of chloride of sodium, which besides being 
present in large quantity in sea water, forms extensive beds of 
rock salt in certain geological formations. 

Preparation . — ^The fuming hydrochloric acid or muriatic acid 
(as it is also called) of commerce, is a solution »in water of 
hydrochloric gas, a compound of chlorine and hydrogen, from 
which chlorine gas is easily procured. The liberation of chlorine 
results from contact of the acid named with peroxide of 
manganese, and the reaction which then occ urs is made ’most 
obvious in the following mode of conjiucting the experiment. 
A few ounces of the strongly fuming hydrochloric acid, are intro- 
duced into a flask with a perforated cork and tube b, upon 

• 

Fig. 39. 
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which a bulb or two Have been expanded ; and that tube is 
connected by means of a short caoutchouc tube or adopter ^ with 
the tube c, containing fragments of chloride of calcium, and 
the last is connected in a ^similar *^manner with the^exit tube rf, 
which descends to the bottom of a dry and empty bottle e. 
Upon applying the spirit lamp, burning with a small flame to 
the liquid in the flask soon begins to boil, and the hydrochloric 
gas passes off', depositing perhaps ‘a little moisture in the bulbs 
of A, which may be kept cool by wet blotting paper, and being 
completely dried in passing through c. It is conveyed by dy 
to the bottom of the bottle e, and finally escapes and produces 
white fumes in the atmosphere, after displacing the air of that 
bottle. The hydrochloric gas is obtained in e unchanged, and will 
redden and not bleach a little blue infusion of litmus poured into e. 
But between the tube c and dy let another tube be now interposed 
having a pair of bulbs blown upon it/ and (Fig. 39) one of 


Fig. 39. 



which / contains a quantity of pounded anhydrous peroxide of 
manganese ; the bottle e remaining, as before. Then upon apply- 
ing heat to the manganese bulb /, the hydrochloric gas will be 
found to suffer decomposition as it traverses that bulb, its hy- 
drogen uniting with the oxygen of the mangapese and forming 
water, which will condense in drops in which may be kept 
cool, and disengaged chlorine proceeds on to e, in which that 
gas will be perceptible from its yellow tmt, and more so by 
hleaching the infusion of reddened litmus remaining in e. If 
the transmission of hydrochloric acid over the peroxide of man- 
ganese be^continued for sufficient time, the latter loses all its 
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oxygen, and the metal remains in thev state of protochloride. 
Indeed only one half of the chlorine of the decomposed hydro- 
chloric gas, is obtained as gas, the other half being retained by 
the manganese, as will appear ^y the follon^ing diagram : 

Process fJr chlorine from hydrochloric acid and peroxide of 
manganese. 


Before decomposition. 

Hydrochloric 

acid 

Peroxide of man- 
ganese 

Hydrochloric 

acid 


Chlorine. , 

. Hydrogen. 
'Oxygen. . 

- Manganese 
Oxygen. , 

’ Chlorine. , 
Hydrogen. 



After dej0»m position. 

Chlorine. 

.Water. 

Chloride of manganese 

• ■ 

Water. 


Or in symbols j Mn02+2HC1 = MnCl and 2HO and Cl. 

« 

The most convenient method of preparing chlorine gas is by 
mixing in a flask 2 ounces of peroxide of manganese, with 6 
ounce measures of hydrochloric acid, diluted with an ounce or 
two of water to prevent it fuming. Effervescence, ftom escape 
of gas, takes place in the cold, but is greatly promoted by the 
application of a gentle heat. This gas is collected over water, of 
which the temperature should not be less than 90®, otherwise a 
great waste of the gas occurs from its solution in the water, and 
also a consequent annoyance to the operator from the escape of 
the chlorine into the atmosphere, by evaporation from the sur- 
face of the water trough. If the gas is not to be used imme- 
diately, but preserved, it shoUld be collected in bottles, into 
which when filled wit^ the gas, their stoppers greased, should 
be inserted before they ajre/removed from the trough. Before 
the gas obtained by this process can be considered as pure, it 
should always be transmitteH through* water, to remove hydro- 
chloric acid 5 an intermediate Wolfe’s bottle containing wjiter 
may be employed to wash the gas, as was done with sulphurous 
acid. If the gas ^ to be dried, it must be sent through a tube 
containing chloride of calcium, of two or three feet in length, 
great difficulty being experienced in ‘drying this gas in a perfect 
manner, owing to its low diffusive power : it is three times more 
difficult to dry than carbonic acid. Chlorine cannot be collected 
over mercury, as it combines at once with that metal. 
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A somewhat different, process for the preparation of chlorine 
is generally followed on the large scale. About 6 parts of man- 
ganese with 8 of common salt are introduced into a Jarge leaden 
vessel, of a form Uf^arly globular, as represented in the figure, 
and 5 or 6 feet in diameter, and to these are added as much of 
the unconcen^rated sulphuric acid of the leaden chambers, as 
is equivalent ^to 13 parts of oil of vitriol. The leaden vessel is 
Fig.^ \ 0 . placed in an iron pan, or has a outer 

casing d e, as represented in the 
^ figure, and to heat the materials, 
steam is admitted by d into the space 
between the bottom and outer casing. 
In the figure, which is a section of 
the leaden retort, a represents the 
tube by which the chlorine escapes, 
b a large opening for introducing 
the ’solid material covered by a lid, or 
water valve, from the edges dipping 
into a channel containing water, c a twisted leaden funnel for 
introducing the acid, f a wooden agitator, and e a discharge 
tube, by which the waste materials are run off after the process 
is finished. A retort of lead cannot be used with safety, with 
peroxide of manganese and hydrochloric acid for chlorine, 
owing .to the action of the acid upon the lead, and the evolution 
of hydrogen gas, which produces a spontaneously explosive 
mixture with chlorine. A material for the vessel, which might 
be substituted for glass, is still a desideratum in that process. 
Vessels of silver are acted upon, the chloride of silver appearing 
not to be absolutely insoluble in hydrochloric acid. In the 
reaction which occurs in the leaden retor^, it may be supposed, 
either that hydrochloric acid is first liberated from chloride of 
sodium by sulphuric acid, and afterwards decomposed by per- 
oxide of manganese, as in the preceding experiment ; or that 
sulphates of manganese and soda are simultaneously formed, 
and chlorine liberated in consequence, as stated in the following 
diagram, in which the names express (as u^ual) single equiva- 
lents : 

* 4 

Process for chlorine from chloride of sodium (common salt), 
peroxide of manganese and sulphuric acid : 
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Before decomposition. After decomposition. 

Chloride of f Chlorine. . Chlorine, 

sodium L Sodium t 

Sulphuric acid •• Sulphuric aeij^. 

Peroxide oft / Oxygen 

manganese 1 Protox. manga.^..,.,.^^^^^ 

Sulphuric acid. . Sulphuric acid. of manga. 

Or in symbols j 

NaCl and 2SO3 and Mn02 = NaO, SO3 and MnO^SOa and Ch 

Properties , — Chlorine is a dense gas of a pale yellow colour, 
having a peculiar suffocating odour, ab.^olutely^intolerab]e even 
when largely diluted with air, and occasioning great irritation 
in the trachea, with coughing, and oppression of the chest. 
Some relief from these effects is experienced from the inhalaticAi 
of the vapour of ether or alcohof. The density of chlorine gas 
is, by experiment 2470 , by theory 2440 . Under a pressure of 
about 4 atmospheres, chlorine condenses into a limpid, liquid of 
a bright yellow colour, of a sp. gr. about 1 .33, and which has 
not been frozen. Water at 60® dissolves twice fts ^v^olume of 
this gas, and acquires the yellowish colour, odour and other 
properties of chlorine. To form chlorine wSter, a stout bottle 
filled with the gas at the tepid water trough, may be closed with 
a good cork and removed to a bason of cold water ; on loosening 
the cork with the head of the bottle urider water, a little water 
will enter it, from the contraction of the gas by cooling ; and 
this water may be agitated in^ contact with the gas, by a lateral 
movement of the bottle, with6ut removing it from the water; 
on loosening the cork again more water will be found to enter 
the bottle, and by repeating the agitation and admission of 
water, the whole gas (if pure) is absorbed, and the bottle is in 
the end filled with water, ^hich of course contains an equal 
volume of clilorine gas. With water near i^ freezing point, 
chlorine combines and forms a crystalline hydrate, which Fara- 
day found to conliq^in 10 atoms of wafer. Hence, clilorine gas 
cannot be collected at all over water, below 40 ®. Exposed to 
light, chlorine water sqon loses its properties, water being de- 
composed and hydrochloric acid formed, with the evolution of 
oxygen gas. But it may be preserved for a long time in a stone- 
ware bottle. When diluted so far that the water does not con- 
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tain above 1 or per pent of its bulk of chlorine, the odour is 
by no means strong, and such a solution may be employed in 
bleaching, without inconvenience to the workmen, although a 
combination of chlorine with hydrate of lime, called the chloride 
of lime, is generally preferred for that purpose. L 

Chlorine does not in any circumstances unite directly with 
oxygen, although several compounds of these elements can be 
formed 5 nor vjoes it combine direptly with nitrogen or carbon. 
Chlorine and hydrogen gases may be mixed and preserved in 
cthe dark without uniting,^ but combination is determined with 
explosion by spongy platinum or the electric spark, or by expo- 
sure to the direct rays of the sun ; even under the diffuse light 
of day, combhiation of the gases takes place rapidly, but with- 
out explosion. Chlorine indeed has a strong affinity for hydro- 
gen, and decomposes most bodies containing that element, 
hydrochloric acid being always formed. In plunging an ignited 
taper into chlorine gas, its flame is extinguished, but the co- 
lumn of oily vapour rising from the wick is rekindled by the 
chlorine;^ and the hydrogenous part of the combustible con- 
tinues to burn with a red and smoky flame, which expires on 
removing th6 taper into air. Paper dipt in oil of turpentine 
takes fire spontaneously in this gas, and the oil burns with the 
deposition of a lafge quantity of carbon. The affinity of chlo- 
rine for most metals is equally great : antimony, arsenic and 
several others, showered in powder into this gas, take fire and 
produce a brilliant comWstion. Chlorine is absorbed by alcohol 
and many other organic substances, when it generally eliminates 
more or less hydrogen, as hydrochloric acid, and enters also by 
substitution ihto the original compound, in the place of that 
hydrogen, thus producing many new compounds, such as 
chloral from alcohol. It bleadies all vegetable and animal 
colouring matters, and is believed* then to act in that manner. 
The colours are destroyed and caimot be revived by any treat- 
ment. 

Chlorine when free is easily recognized by its odour and 
bleaching power, and in the soluble chlorides, by producing 
with nitrate of silver, a white curdy precipitate of chloride of 
silver, which is* soluble ih ammonia, bqt not soluble in cold or 
boiling nitric acid.* ‘ 

* — Chemistry has presented to the arts few substances of 

vhich the applications are more valuable. Chlorine is the dis- 
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colouring agent of the modern process of bleaching, which as it 
is generally conducted with cotton goods, consists of the fol- 
lowing operations. The clo<h„ after being well washed, is 
boiled first in lime-water and th^n in caustic,soda, which remove 
from it certait resinous matters solilbte in alkali. It is then 
steeped in a solution of chloride of lime, so dilute as just to 
taste distinctly, which has little or no perceptible effe*ct in whiten- 
ing it ; but the cloth is afterwards thrown into wat|ir acidulated 
with sulphuric acid, of sp. gr. between 1.010 and 1.020, when 
a minute disengagement of chlorine takes place throughout the, 
substance of the cloth, and it immediately assumes a bleached 
appearance. The cloth is boiled a second time with caustic 
soda, and digested again in dilute chloride of lime, and in dilute 
sulphuric acid as before. The acid favours the bleaching action, 
and is required besides to remove the caustic alkali, a portion of 
which adheres pertinaciously to the doth. The fibre of tha 
cloth is not injured by dilute sulphuric acid, although digested 
in it for days, provided the cloth is not allowed to dry with the 
acid in it, or left above the surface of the liquor. But it is 
very necessary to wash well after the last souring j to get rid of 
every trace of acid, with which view the cloth m^^y be passed 
through warm water, as a precautionary measure to finish 
with. • 

When employed for the purpose of disinfecting the wards of 
hospitals, chlorine is most conveniently evolved from chloride 
of lime, of which a pound may be mixdQ with water in a hand- 
bason, and a pound measure of hydrochloric acid poured upon 
it. The gas is evolved from these materials without heat. 

Chlorides . — Chlorine combines with all the metals and in the 
same proportions as oxygen. With the exception of the chlo- 
rides of silver and lead,* and subchlorides of copper and mercury, 
these compounds are soluble and sapid, and they possess in an 
eminent degree the saline character. Ip deed common salt, the 
chloride of sodium, has given its name to the class of salts, and 
chlorine is the type of salt-radicals or halogenous (salt-producing) 
bodies. ChloridiBs of metals belonging to. different classes often 
combine together and form double chlorides; the chlorides of 
the potassium family, in particular, with some bhlorides of the 
magnesian family, as*with chloride of coppet, with chloride of 
mercury, with both the chlorides of tin, and with perchlorides 
generally. A chloride and oxide of the same metal (excepting 
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the potassium family) ^ofteh combine together, forming oxicMo^ 
ridesj which are in general of slight solubility. 

Chlorine is also absorbed by alkaline solutions, and combina- 
tions are formed which bleach |ind exhibit many of the proper- 
ties of the free elements The state of the chlirine in these 
compounds and also in dry chloride of lime, formed by exposing 
hydrate of lime to chlorine gas, is still matter of uncertainty. 
But they are^pot permanent compounds, and the chlorine even- 
tually acts upon the metallic oxide, so as to produce a chloride, 
chlorate of the metal a^. will be afterwards explained. 

The following chlorides of the non-metallic elements will now 
be particularly described : 


Hydrochloric acid. . . H Cl 
Hypochlorus acid. . . Cl O 

^Peroxide of chlorine, w Cl O 4 
Chloric acid. . • Cl O 5 

Hyperchloric acid. . Cl 0^ 

Chloride of nitrogen. . N CI3 

Perchloride of carbon. . C 4 Clg 
Protochloride of carbon. C 4 CI 4 


Subchloride of carbon. C 4 CI 2 
Chlorocarbonic acid. . CO,Cl 
Chloride of boron. . B CI 3 
Chloride of silicon. . Si CI 3 
Chloride of sulphur. . S^ Cl 
Bichloride of sulphur. S CI 2 
Terchl. of phosphorus. P CI 3 
Perchl. of phosphorus. P CI 5 


HYDROCHLORIC ACID. 

Syn. CHLORHYDRic ACID {Theuard}^ muriatic acid. E(j, 
455.13 or 36.47; Gift.; density 1269.5; U— 1. 


This acid is one of the most frequently employed reagents in 
chemical opeiations, and has long been known under the names 
of spirit of salt, marine acid, and muriatic acid (from murias, sea- 
salt). It was first obtained by Priestley in its pure form of a 
gas, in 1772 . 

Pr^ara/iow.— Hydrochloric aoid is always obtained by the 
action of oil of vitriol upon common salt. When the process 
is conducted on a small scale and in a glass retort, equal weights 
of common salt, oil of vitriol and water may be taken. The oil 
of vitriol being mixed with I-3rd of the water in a thin flask, 
and cooled, is ‘poured upon the salt contained in a capacious 
retort. A clean flask containing the remaining 2-3rds of the 
water is then adapted to the retort as a condenser, as in the dis- 
tillatory apparatus figured at page 69. Upon applying heat to 
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the retort, hydrochloric acid gas comes o^ and is condensed in 
the receiver, atFording an aqueous solution of the acid, of sp. 
gr. 1 . 170 , and which contains abput 37 per cent of dry acid j 
while a mixture of sulphate and b^ulphate of soda remains in the 
retort. Suppcfcing single equivalents of* oil o^ vitriol and ddo- 
ride of sodium to be employed, to which the preceding propor- 
tions approximate, then the rationale of the action is as fol- 
lows: 

Process for hydrochloric acid : 

Before decomposition. •After decomposition. 

733 Chloride of f Chlorine. . 442 -^4541 hydroc. acid 

sodium I Sodium. . 291 
[ Hydrogen. . 

613i Oilofvitr.j Oxygen. . . 100 

L Sulpfau. acid 501 — sulph. of soda 

]346*i 1346*i 1346i 

Or in symbols ; NaCl and H 0 ,S 03 == HCl and NaO^SOa- 

This process is more economically conducted on the large 
scale in a cast iron cylinder, about 5 feet in ^length and 24 
in diameter, laid upon its side, which has nio\^able ends, gene- 
rally composed of a thin paving stone cut into a circular disc 
and divided into two unequal segments. A charge of three or 
four cwt. of salt is introduced into the refort, and after the bot- 
tom is heated, undiluted oil of vitriol is added in a gradual man- 
ner by means of a long funnel, and in proportion not exceeding 
the equivalent for the chloride of sodium. In such citcumstances, 
the lower part of the cylinder exposed to the sulphuric acid is 
not much acted uj)on, while the roof of the cylinder is pro- 
tected from the hydrochloric acid fumes by a coating of fire-clay 
or thin split bricks. The hydK>chloric ajid gas is conducted by 
a strong glass tube into a series of large jars of salt-glaze ware, 
connected with each other like Wolfe^s bottles, and containing 
water in which thef acid condenses. 

Properties. — Hydrochloric acid is obtained in the state of gas 
by boiling an ounce or two of the fumiflg aqueous solution, in a 
small retort, or by poilring oil of vitriol upon*a small quantity 
of salt in a retort, and is collected over mercury It is an in- 
visible gas, of a pungent acid odour, and produces white fumes 
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when allowed to escs^pe, by condensing the moisture in the air. 
By a pfessure of 40 atmospheres at 50® it is condensed into a 
liquid, of sp. gr. 1.27. It is. quite irrespirable but much less 
iiiitating than chlorine 3 it is ^not decomposed by heat alone, 
nor when heated*" in contact with charcoal. Hydrochloric acid 
extinguishes combustion, and is not made to unite with oxygen 
by heat ; but when electric sparks are passed through a mixture 
of this gas ,^nd oxygen, decomposition takes place to a small 
extent, water being formed and chlorine liberated. It is com- 
posed by volume, of gne combining measure or 2 volumes 
of each of its constituents, united without condensation; so 
that its combining measure is 4 volumes, and its theoretical 
density 1269.5. It may be formed directly by the union of its 
elements. 

If a few drops of water or a fragment of ice be thrown up 
into a jar of hydrochloric acid over mercury, the gas is com- 
pletely absorbed in a few seconds ; or if a stout bottle filled 
with this gas be closed with the thumb and opened under water, 
an instantaneous condensation of the gas takes place, water 
rushing into the bottle as into a vacuum. Dr. Thomson finds 
that 1 cubic inch of water absorbs 418 cubic inches of gas, at 
69% ani becomes J .34 cubic inch. He has constructed the 
following table, fi om experiment, of the specific gravity of hy- 
drochloric acid of determinate strengths,* 

HYDROCHLORIC ACID, 


Atoms of Water 
to 1 of Acid. 

a^al Acid in 100 
of the liquid. 

Specific • 
Gravity^ 

Atoms of 
Water to 1 
of Acid. 

Real Acid In 100 
of the liquid. 

Specific 

Gravity. 

6 

40.66 

1.203 

14 

22.700 

1.1060 

7 

37.00 

1,179 

. 15 

21.612 

1.1008 

8 

33.95 

1.162 

16 

20 442 

1.0960 

9 

31.36 

1 149 . 

17 

19.474 

1.0902 

10 

29.13 

* .1.139 

18 

18.690 

1.0861 

11 

27.21 

1.1285 

19 

17.790 

1.0820 

n 

25,52 

1.1197 

20 

17.051 

1.0780 

13 

24.03 

1.1127 





To this may be added the following useful table, for which 
we are indebted to Mr. E. Davy ; — 


^ First Principles of Chemistry. 
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HYDROCHLORIC ACIDf 


Specific 

Gravity. 

Quantity of Acid 
percent. 

* Specific 

* Gravity. 

Quantity of Acid 
per cent. 

1.21 

ft 42.43 

• 40.80 

' hig 

• 20.20 

1 20 

1.09 

18 18 

1.19 

38.38 

1.08 

16.16 

MS 

i.ir 

3a.36 

1.07 

n4 . i4 

34.34 

1.06 

12.12 

1.16 

32.32 

1.05 

.^ 10.10 

1.16 

30.30 

1.04 

8.08 

1.14 

28.28 

1.03 

6.00 

1.13 

26.26 

i.oe 

4.04 

1.12 

1 11 

24.24 

22.22 

1.01 

. 2.02 


It thus appears that the strongest hydi^ochloric acid that can 
be easily formed contains six atoms of water ; this liquid allows 
acid to escape when evaporated in air, and comes according to 
an observation of my own, to contain 12 atoms of water to 1 
of acid. Distilled in a retort, it was found, by Dr. Dalton, to 
lose more acid than water till it attained the specific gravity 
1 .094, when its boiling point attained a maximum 230®, and the 
acid then distilled over unchanged. Dr. Clark finds by careful 
experiments that the acid which is unalterable by distillation, 
contains 16.4 equivalents of water. 

The concentrated acid is a colourless liquid, fuming strongly 
in air, highly acid, but less corrosive than sulphuric acid ; not 
poisonous when diluted. It is decompose]^ by substances which 
yield oxygen readily, such as metallic peroxides and nitric acid, 
which cause an evolution of chlorine, by oxidating the hydrogen 
of the hydrochloric acid. A piixture of 1 measure of nitric 
and 2 measures of muriatic acid forms aqm regia^ which dis- 
solves the less oxidablq metals, such as gold and platinum, 
through the agency of the disengaged chlorine. 

The hydrochloric acid of bommeree has a yellow or straw 
colour, which is generally due to a little^ iron, but may be oc- 
casionally produced by organic matter, as it is sometimes des- 
troyed by light. This acid is rarely free from sulphuric acid, 
the presence of wfi^jh is detected by the appearance of a white 
precipitate of sulphate of barytes, on the addition of chloride 
of barium to the hydrochloric acid diluted with 4 or 5 times its 
bulk of distilled water. Sulphurous acid is also occasionally 
present in commercial hydrochloric acid, and is indicated by 
the addition of a few crystals of protochloride of tin, which salt 
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decomposes sulphurous acid and occasions, after standing some 
time, a brown precipitate containing sulphur in combination 
with tin (Girardin.) To purify hydrochloric acid, it should be 
diluted till its sp^ gr. is aljout ^ .1, for which the strongest acid 
requires an equal volume of water ; and with thfe addition of a 
portion of qhloride of barium, the acid should then be redistilled. 
As the acid brings over enough of water to condense it, Liebig^s 
condensing apparatus (page 60) can be used in this distillation. 
The pure acid thus obtained is strong enough for almost every 
purpose, and has the ad«7antage of not fuming in the air. Hy- 
drochloric acid, ' like chlorine and the soluble chlorides, gives 
with nitrate of silver a white curdy precipitate, the chloride of 
silver, soluble, in ammonia, but not dissolved by hot or cold 
nitric acid. 

Hydrochloric acid belongs to the class of hydrogen acids, or 
' hydracids, which do not exist in salts. On neutralizing this 
acid with soda or any other basic oxide, no hydrochlorate of 
soda is formed, but the hydrogen of the acid with the oxygen 
of the soda forming water, the chlorine and sodium combine and 
produce a metallic chloride. Zinc and the other metals which 
dissolve^ in dilute sulphuric acid, with evolution of hydrogen, 
dissolve with equal facility in this acid, with the same evolution 
of hydrogen, and a chloride of the metal is formed. 


COMPOUNbS OF CHLORINE AND OXYGEN. 


Chlorine and oxygen gases exhibit no disposition to combine 
with each other in any circumstances, but this is not incon- 
sistent with their forming a series of compounds, as nitrogen 
and oxygen, which exhibit a similar ipdiflference to each other 
also do. The oxides of chlorine are four in number, and all 
bear acid appellations, namely : “ 


Hypochlorous acid. 
Chlorous acid. 
Chloric acid. 
Hyperchloric acid. 


. CIO 
, CIO^ 
.. Cl Oe 
. Cl Oy 


Hypochlorous^ and clUoric acids are^always primarily formed 
by a reaction occurring between chlorine and two different 
classes of metallic oxides ; and the chlorous and hyperchloric 
acids again are derived from the decomposition of chloric acid. 
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Hypochlorous acid . — ^The discovery of# this compound was 
made by. M, Balard in 1834,* J[t is formed by tlie action of 
chlorine upon the red oxide of snercury. If to a two-pound 
bottle of chlorine gas, 6 drachms #of re^ oxid6 of mercury in fine 
powder be addfe, with 1 i ounce of water, the chlorine will be found 
to be rapidly absorbed on agitation. One portion of chlorine 
unites with the oxygen of the metallic oxide, and becomes hy- 
pochlorous acid, which is dissolved by the water, while another 
portion forms a chloride with the metal, which chloride unites 
with a portion of undecomposed oxide^ and forms an insoluble 
oxichloride. The liquid may be poured off and allowed to settle ; 
it is a solution of hypochlorous acid, with generally a little 
chloride of mercury. This reaction is expressed in the follow- 
ing diagram ; — 


FORMATION OF HVPOCTILOROUS ACID. 


Before decomposition. 


After decomposition. 


Chlorine • . . . Chlorine . . 
(MdeofMerc. ; ; 

Chlorine .... Chlorine . . 



Oxide of Merc. Oxide of Merc. 


Hypochlorous acid 

Chloride of Merc. 1 1 
Oxide of Mercury j | 


Or in symbols ; 2 Cl and 2 HgO = CIO and HgCl, HgO. But 
the oxichloride formed, seems not alwa^ to contain the same 
proportion of oxide. The proportion of* hypochlorous acid in 
the liquid may be increased, by introducing the same solution 
into a second bottle of chlorine*, ,with an additions^ quantity of 
red oxide of mercury The oxide of zinc and black oxide of 
copper, diffused through* water,, and exposed to chlorine, give 
rise to a similar formation of hypochlorous acid. 

The pure hypochlorous aci^ js a gas, which Balard succeeded 
in disengaging by passing up fragments *of nitrate of lime into 
the liquid acid above mercury, in a jar of the mercurial trough. 
By dissolving in thp water, that salt causes tlie evolution of the 
gas, which collects in the upper part of the jar, and is defended 
from contact with the mercury, which absorbs it^ by the inter- 
vention of the saline sqliltion. • 


♦ An. de Ch. et de Ph. t. 57, p. 225, or Taylor*# Scientific Memoirs, vol. I, 
p. 269. 
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The gas is of a pale> yellow colour, very similar to chlorine. 
It is composed of 2 volumes of ^ chlorine and 1 volume of oxy- 
gen, condensed into 2 volumes, and is resolved by a slight 
elevation of temp^ature jnto%its constituent gases. This de- 
composition is attended with an explosion of stfeh /violence as 
to project the jar from the trough, but not to break it to pieces, 
and may occur on transferring the gas from one jar into another. 
Water dissolves about 100 volumes of this gas. 

The original solution of hypochlorous acid may be distilled, 
but much of the acid is decomposed unless the operation be 
conducted in vacuo. It is then obtained as a transparent liquid 
of a slightly yellow colour. It displaces the carbonic acid of 
alkaline carboMtes, but has not much analogy to other acids. 
Its taste is extremely strong and acrid, but not sour, and its 
odour penetrating and different from, although somewhat similar 
' to chlorine. It attacks the epidermis like nitric acid, and is ex- 
ceedingly corrosive. It bleaches instantly, like chlorine, and is 
a powerful oxidizing agent. When concentrated it is exceed- 
ingly unstable, small bubbles of chlorine gas being sponta- 
neously evolved and chloric acid formed. This decomposition 
is promc'te^ by the presence of angular bodies, such as pounded 
glass, and also by heat and light. 

Of the elementary bodies, hydrogen has no action upon hypo- 
chlorous acid. Sulphur, selenium, phosphorus and arsenic 
act upon it with great^energy, and are all of them raised to their 
highest degree of oxidation, with the evolution of chlorine gas ; 
selenium even being converted into selfenic acid, although it is 
only converted into selenious acid by the action of nitric acid. 
Iodine is also converted into ibdic acid. Iron filings decom- 
pose it immediately and chlorine comes off. Copper and 
mercury combine with both elements of the acid and form 
oxichlorides. Many other metals are not acted upon by it, 
unless another acid be present, such as zinc, tin, antimony and 
lead. Silver has a different action upon hypochlorous acid 
from* that of most bodies, combining with its chlorine and caus- 
ing an evolution of oxygen gas. Hydrochloric and hypochlorous 
acids mutually decompose each other, water being formed, and 
chlorine liberate^ ; the presence of soluble chlorides is equally 
incompatible with the existence of hypoclilorous acid. 

Ifypoc/ilori^es.— The direct combination of hypochlorous 
acid with powerful bases is accompanied by heat, which is apt 
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to convert the hypochlorite into a mijsture of chlorate and 
chloride ; but by adding the aqjld in a gradual manner to the 
alkaline solution, hypochlorites of potash, soda, lime, barytes 
and strontian may be formed, andtmay^even b6 obtained in a solid 
state by evapomtion in vacuo, if a considerable excess of alkali be 
present, which appears to give a certain degree of .stability to 
these salts. They bleach powerfully, and their odour and colour 
are identically the same as tha corresponding decolorizing com- 
pounds of chlorine, from which it is impossible to distinguish 
them by their physical properties. They are salts of a very 
changeable constitution; a slight increase of temperature, the 
influence of solar light, even of diffused light, converts them into 
chlorides and chlorates. It is the opinion ofTM. Balard that bleach- 
ing powder, formed by exposing hydrate of lime to chlorine, is a 
mixture of hypochlorite of lime and chloride of calcium ; but to 
this subject I shall again return under the salfs of lime. 

The euchlorine gas of Davy, to wfiich he assigned the compo- 
sition of hypochlorous acid, has been found to be a mixture of 
chlorine and chlorous acid gases. That mixture is obtained by the 
action of hydrochloric acid of sp. gr. 1.1 upon chlorate of potash, 
aided by a gentle heat. It has a very yellow colour (euchlorine), 
and explodes feebly when a hot wire is introduced into it, becom- 
ing nearly colourless, when the chlorous acid is decomposed. 

Chloric acid^ Cl Og. — When a stream of chlorine gas is trans- 
mitted through a strong solution of caustic potash, the gas is 
absorbed, and a solution is formed which bleaches at first, but 
looses that property without any escape of gas, and becomes a 
mixture of chloride of potassium and chlorate of potash, the 
latter of which, being the least 'soluble, separates in shining 
tabular crystals. Five equivalents of potash (the oxide of po- 
tassium) are decomposed by 6 of chlorine, 5 of which unite with 
the potassium and form 5 equivalents of chloride of potassium, 
while the 5 of oxygen form dhloric acid with the remaining 
equivalent of chlorine, as stated in the following diagram : — 

ACTIOjr OF CHnOBINE UPON POTASH. 

Before decomposition. • After decomposition. 

5 Chlorine . 5 Chlorine — Chloride ofipotassium. 

<5 Potash I ® PotasfiUm--'^ 

5 irotas . ^ g Oxygen 

Chlorine . . Chlorine 

Potash . . . Potash... -^Potash / potash. 
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Or in symbols : 6 Cl und 6 KO = KO, CIO5 and 5KCL Such 
is the nature of the action of chlorine upon the soluble and 
highly alkaline metallic oxideS. 

The chlorate of barytas may be formed by transmitting 
chlorine through caustic barytes in the same ^'manner; and 
from a solution of the pure chlorate of barytes, chloric acid 
may be obtained by the cautious addition of sulphuric acid, so 
long as it occasions a precipitate* of sulphate of barytes. The 
solution may be evaporated by a very gentle heat till it becomes 
a syrupy liquid, which lias no odour, but a very acid taste, is 
decomposed aliove 100®, and when distilled at a still higher 
temperature gives water, then a mixture of chlorine and oxygen 
gases, and feyperchloric acid, which may be prepared in 
this way without difficulty. Chloric like nitric acid, is not 
isolable, being incapable of existing, except in combination with 
water or a fixed base. This acid first reddens litmus paper, but 
after a time the colour is bleached, and if the acid has been 
highly concentrated, the paper often takes fire. It dissolves 
zinc and iron with disengagement of hydrogen. Chloric acid is 
decomposed by hydrochloric acid, with escape of chlorine, and by 
most combustible bodies and acids of the lower degrees of oxida- 
tion, such as sulphurous and phosphorous acids, which oxidate 
themselves at its expense. 

This acid when free, or in combination, may be recognized by 
several properties. Tt is not precipitated by chloride of barium 
or nitrate of silver, ajid has no bleaching power ; sulphuric acid 
causes the disengagement from it of a yellow gas, having a 
peculiar odour, which bleaches strongly ; and its salts when 
heated to redness afford oxygen, and deflagrate with combus- 
tibles. 

Chlorates . — ^This class of salts is remarkable for a general 
solubility, like the nitrates. Thdse of them which are fusible 
detonate with extrem® violence mth combustibles. The chlorate 
of potash, of which the preparation and properties will be de- 
scribed under the salts of potash, has become a familiar chemi- 
cal product, being largely consumed in the,manufactureof defla- 
gratiijg mixtures. The chlorates were at one time termed 
hyperoxymtriatfs, and' their acid, thp existence of which was 
originally observed by Mr. Chenevix, was first obtained in a 
separate state by Gay-Lussac. 

Hyperchhric aaM, CIO,.— This acid, which is also called 
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perchloric and oxichloric acid, is obtained from chlorate of 
potash in different ways. At that particular point of the decom- 
position of chlorate of potash by lieat, wheij the evolution of 
oxygen is abor| to become very Violent, the ftised salt is in a 
pasty state, and contains, as was first observed by Serullas,' a 
considerable quantity of hyperchlorate, the oxygen* extricated 
from one portion of chlorate being retained by another portion 
of the same salt. This salt is fubbed to powder, and dissolved 
in boiling water, from whicli the hyperchlorate is first deposited, 
on cooling, owing to its sparing solubilify. The, same salt may 
also be prepared by throwing chlorate of potash in fine powder 
and well dried, into oil of vitriol gently heated in an open bason, 
by a few grains at a time, when the liberated clfloric acid re- 
solves itself into chlorous acid and liyperchloric acid, the former 
coming off as a yellow gas ; thus : — 


RESOLUTION OF CHLORIC ACID IiJtO CHLOROUS ACID AND 
HYPERCHLORIC ACID. 


Before decomposition. 


3 Chlori 


ic acid ^ 


2 Chlorine 
8 Oxygen 
7 Oxygen 
Chlorine - 


After decomposition. 
2 Chlorous acid. 


Hyperchloric acid. 


Of the 3 equivalents of potash, previously in combination 
with the chloric acid, one remains vutli Jayperchloric acid as 
hyperchlorate of potash, and the other two are converted into 
bisulphate of potasli. The whole reaction between the acid and 
salt may, therefore, be thus expressed : — 

3 KO, CIO 5 and IHO, SO 3 = 2 CIO 4 and KO, CIO 7 
and 2(HO,Sb3-f KO, SO3) and 2 HO. 

• 

In conducting this operauon,, the greatest caution is neces- 
sary, owing to the explosive property of* chlorous acid ; for if 
the order of mixing the substances lie reversed, and the acid 
poured upon the cljorate, or if too much chlorate be added at 
a time to the acid, a most violent and dangerous detonation 
may occur. But this reaction is chiefly interesting as affording 
chlorous acid ; for hyper^Morate of potash may be obtained from 
chlorate by the action of nitric acid, lately observed by Professor 
Penny, without danger or inconvenience. The chlorate is tran- 
Quillv decomnosed in nitric acid gently heated upon it, the chlo- 

B B 2 
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rine and oxygen of 3 ^uivalents of chlorous acid being evolved 
in a state of mixture and not ofbcombination ; the saline residue 
consists of 3 equivalents of faitrate and 1 of hyperchlorate of 
potash, which may be »epar&ted by dissolving them in the 
smallest adequate quantity of boiling water. On cooling, the 
hyperchlomte separates in small shining crystals, which may be 
dissolved a second time to obtain them perfectly pure. 

Hyperchloric acid may be prepared from this salt by boiling 
it with an excess of fluosilicic acid, which forms, with potash, a 
salt nearly insoluble. After cooling, the clear liquid is decafited 
and evaporated by a water bath. To eliminate a small excess 
of hydrofluoric acid, a little silica in fine powder is added to the 
liquid, which vit a certain degree of concentration carries off the 
former as fluosilicic acid. After being stiU further concentrated, 
the acid liquid may be distilled in a retort by a sandbath heat. A 
very dilute acid comes over first, but the temperature of ebulli- 
tion rises till it attains 392°, after which the receiver should be 
changed, because what then passes over is a concentrated acid 
of sp. gr. 1.65. This acid is a colourless liquid which fumes 
slightly in the air. It may be still farther concentrated by dis- 
tilling it with 4 or 5 times its weight of strong sulphuric acid, 
when the greater part of it is decomposed into chlorine and 
oxygen, but a portion condenses in a mass of small crystals, 
and also in long four-sided prismatic needles terminated by 
dihedral summits, which according to Serullas are two different 
hydrates of the acid, ithe last containing least water and being 
most volatile. The crystals and the concentrated solution of 
the acid haye a great affinity for water 3 the acid itself appears 
not to be isolable. 

The hyperchloric acid is much the most stable of the oxides 
of chlorine ; it does not bleach, is not altered by the presence of 
sulphuric acid, and is not decomposed by sulphurous acid or 
by sulphuretted hydrogen. It dissolves zinc and iron with 
effervescence, and in point of affinity, is one of the most pow- 
erful acids. Hyperchloric acid is recognized by producing, 
with potash, a salt of the same sparing solubility as bitartrate 
of potash. Jt is an interesting acid from its composition, and 
as being the gaost accessible of the small class containing 
hyperiodic^and hypermanganic acids, to which it belongs. The 
alkaline hyperchlorates emit much oxygen, when heated, and 
leave metallic chlorides ; they do not deflagrate so powerfully 
with combustibles as the chlorates. 
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Chlorous acid or peroncide of chlorine^ Cl O4. — This acid can- 
not be obtained in a state of purity, without considerable dan- 
ger. Gay-Lussac recommendi^, in preparing it, to mix chlorate 
of potash into the state of a paste with sulpl;uric acid previously 
diluted with l|ilf its weight of watei* and cooled, and to distil 
the mixture in a small retort by a water-bath. It comes oflf as 
a gas, of a yellow colour considerably deeper th&n chlorine, 
which must be collected over mercury. It is composed of 2 
volumes of chlorine with 4 volumes of oxygen, condensed into 
4 volumes, which gives it a density of 2337-5. This gas is de-^ 
composed gradually by light, but between 2JOO® and 212® its 
elements separate in an instantaneous manner, with the disen- 
gagement of light and a violent explosion which breaks the ves- 
sels. Water dissolves 7 volumes of this gas, afid the gas itself 
may be liquefied by pressure. It bleaches damp litmus paper, 
without first reddening it, and is absorlicd hy alkaline solutions^ 
with the formation according to •Martens of a peculiar class 
of decolorizing salts.* These, however, readily pass into chlo- 
rates and chlorides, like the hypochlorites of Balard, when their 
solutions are heated. 

Chlorous acid has a violent action upon combustibles, kindling 
phosphorus, sulphur, sugar and other combustible subiftances in 
contact with which it is evolved. Its action*upon phosphorus 
may be shewn by throwing a drachm or two 
of crystallized chlorate of potash into a deep 
foot-glass or ale-glass (scft figure 41) filled with 
cold water, to the bottoih of which the salt falls 
without much loss by solution. Oil of vitriol 
is then condu<?ted to the salt, in admail stream, 
from a tube funnel, the lower end of which has 
been dIawn out into a jet with a minute open- 
ing. A gas f^{ a lively yellow colour is evolved 
with slight concussions, and immediately dis- 
solved by the water, to which it imparts the 
sain<3 colour. If while this is occurring a piece 
of phosphorus be thrown into the glass, it 
is ignited by every Ibubble of gas, and a brilliant combustion 
is produced under the water, forming* a beautiful experiment 
wholly without dangew *If a few grains of chlorate of potash in 



An. de Cb, et de Ph. t. 61, p. 293. 
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fine powder and loaf-sugar, be mixed upon paper by the fingers, 
(rubbing these substances together in a mortar may be attended 
with a dangerous explosion,) and a single drop of sulphuric acid 
be allowed to fall fi:om a glass rod upon the mixture, an instan- 
taneous deflagration takes* place, occasioned by t^fe' evolution of 
the yellow gas which ignites the mixture. Captain Manby used 
to fire in this manner the small piece of ordnance, whfch he 
proposed as a life-preserver, to throw a rope over a stranded 
vessel from tlie shore ; and the" same mixture was afterwards 
employed, with sulphuric acid, in various forms of the instan- 
taneous light match, all of which, however, are now superseded 
by other mixtures ignited by friction without sulphuric acid. 

OTHER COMPOUNDS OF CHLORINE. 

Chloride of nitrogen^ N CI3. — ^This is one of the most for- 
,, midable of explosive csmpounds, and great caution is necessary 
in its preparation, to avoid accidents. Four ounces of sal 
ammoniac, which must not smell of animal matter, are dissolved 
in a small quantity of boiling water, filtered, and made up to 
3 pounds with distilled water ; a two pound bottle of chlorine 
is inverted! in a bason containing this solution at 90% being 
supported by the ring of a retort stand, with its mouth over 
a small leaden saucer. The chlorine gas is absorbed, and upon 
the surface of the liquid, which rises into the bottle, an oily 
substance condenses, which when it accumulates, precipitates 
in large drops, and )rs received in the leaden saucer. During 
the whole operation, the bottle must not be approached, unless 
the face is protected by a sheet of wire gauze, and the hands by 
thick woollen gloves ; agitation ’of the bottle, to make the sus- 
pended drop fall, is a most common cause of explosion. The 
leaden saucer, when it contains the chloride, may be withdrawn 
from xmder the bottle, without disturbing the latter, and then 
no harm can result from the explosion, if it do6s not occur in 
contact with glass. 

M. Balard finds that this compound may also be produced 
by suspending a mass of sulphate of ammonia in a strong solu- 
tion of hypochlorous acid. ' 

The chloride of nitrogen is a volatile oleaginous liquid of a 
deep yellow colcmr, and sp.gr. 1.653‘, of which the vapour is 
irritating like chlorine and attacks the eyes. It may be dis- 
tilled at 160% but effervesces strongly at 200” and explodes 
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between 205® and 212% producing a very loud detonation, and 
shattering to pieces glass or cast-iron, but producing merely an 
indentation in a leaden cup. •It is resolved into chlorine and 
nitrogen gases, the instantaneous production of which with heat 
and light, is t%e cause of the violenccf of the explosion. Tl ie chlo- 
ride of nitrogen is decomposed by most organic matters contain- 
ing hydrogen ; and may be safely exploded by touching it with 
the point of a cane-rod, which has been previously dipt in oil of 
turpentine. 

The properties of this compound render its accurate analysis 
almost impossible, and the correctness of the. formula usually 
assigned to it is very doubtful. M. Millon has shewn that it 
may contain hydrogen, and is possibly ^ compound of chlorine 
with araiidogen, NHgCL He formed from if corresponding 
compounds, containing bromine, iodine and cyanogen, by dou- 
ble decomposition, a bromide, iodide cyanide of potassiunj 
l)eing introduced into the chloride of nitrogen for that pur- 
pose.* 


CHLORIDES OF CARBON. 

Perckloride of carbon^ C4Clg. — ^The compounds of these 
elements are not formed directly, but were produced by Mr. 
Faraday by the action of chlorine upon a certain compound of 
carbon and hydrogen, and the circumstances of their formation 
have been explained lately with singular felicity by M. 
Regnault. Chlorine and olefiant gas (>4 H4 combine together 
in equal volumes, and condense as an oily looking body, of an 
ethereal odour, which is known as the Dutch liquid, from hav- 
ing been first formed by certah^ associated Dutch chemists, and 
also as the chloride of olefiant gas, although the latter term is 
objected to as incorrect? in thepry. Chemists have now agreed, 
after much discussion, that^ the formula of this liquid is not 
CyB[4+2Cl, but that its elenupnts are thus arranged ; — 

Dutch liquid. . . C4H3,C1 + HC1. 

It is a combination of hydrochloric acid HCl, with the 
chloride of acetyl* C4H3, Cl. Acetyl, or as it is also called 
aldehydene (C4H3) pervades an extensive serieij of compounds, 
aldehydic and acetic^ acids, for instance, bejng oxides of this 
radical, namely C4H3-f20, and C4H3-I-3O; and these com- 

* An. da Cli. ct de Ph. t. 6 % p. 75 . 
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pounds may be traced up to alcohol^ the substance from the 
decomposition of which, indeed, this whole class of compounds 
is primarily derived. Thus acetyl with two equivalents of hydro- 
gen forms a higher compound radical ethyl C4H3, Hj or C4H5, 
of which ether is the oxid^ and alcohol tb‘3 hydrate of 
that oxide. In both the acetyl and ethyl series, it will be ob- 
served that the proportion of carbon (C4) is constant, being 
that originally present in the alcohol, and we shall find it in the 
chloride of carbon, which is the last product of reducing pro- 
cesses upon alcohol. * Olefiant gas itself is a hydruret of acetyl 
' that is, C4H3,H,^ When exposed to chlorine, both the acetyl 
and hydrogen Combine with chlorine, giving the Dutch liquor, 
€4113,01 + HCl. Comparing the formula for olefiant gas with 
the first part of the last formula, C4H3, H with C4H3, Cl, it 
will be found that in losing an atom of hydrogen the ole- 
fiant gas has acquired an atom of chlorine ; and this is an ins- 
tance of the law of substitution which Dumas has traced to so 
great an extent in the formation of organic compounds. When 
a stream of chlorine gas is transmitted through the Dutch li- 
quor, Regnault finds that another atom of hydrogen is carried 
off, as hyd]fy)chloric acid, and an atom of chlorine left in its 
place; thus the Dutch liquor, C4H3CI + HCI becomes 

C4HaCl2+HCl. 

This second product, which is a liquid, being submitted to 
the action of a stream of chlorine, was found to give rise to a 
third liquid product, iii which the hydrochloric acid of the last 
formula had disappeared, and the remaining portion had as- 
sumed two additional atoms of chlorine, forming — 

C4H2CI4. 

o 

This third liquid, is changed hy the prolonged action of 
diloiine into the perchloride of casbon, but to hasten the actian, 
it is convenient to conduct the operation in the light of the 
sun ; its two atoms of hydrogen being carried off in the form 
of hydrochloric acid, and two atoms of chlorine left in their 
place, which gives the formula 
• • 

Perchloride, of carbon. . . C^Clgj^or C4CI4+CI3. 

Now this view of derivation and constitution of the per- 
chloride of carbon, is confirmed by the density of its vapour 



CHLORIDES OF CARBON. 


377 


which Regnault found by experiment to be 8157. It should 
from its formula contain 

8 volumes carbon vapoiyr. . . 3371 

12 volumes chlorine. , . . • . 29284 

• 

32655 

If these form a combining measure of 4 volume’s, the most 
usual of all combining measures, the weight of 1 volume or 
density of the vapour is 8164, which almost coincides with 
the experimental result.* ^ 

The perchloride of carbon is a volatile crystalline solid, having 
an aromatic odour resembling that of camphor, fusible at 320<> 
and boiling at 360® (Faraday), of sp. gr. 2, soluble in alcohol 
ether and oils. It was prepared by Faraday by exposing 
the Dutch liquid to sunlight in an atmosphere of chlorine, 
which was several times renewed, ais the chlorine was abi 
sorbed. • 

Protochloride of carbon^ C4CI4. — ^This compound was prepared 
by Mr. Faraday by passing the vapour of the perchloride through 
a glass tube filled with fragments of glass, and heated to redness. 
A great quantity of chlorine becomes free, and a •olourless li- 
quid is obtained, which when purified from perchloride of car- 
bon and chlorine as much as possible, boils at 248“ (Regnault), 
has asp. gr. of 1.5526, and in its chemical relations is very 
analogous to the perchloride of carbon. The density of the 
vapour of the protochloride decides the nsiture of its constitution. 
It was found by Regnault to be 58205 which corresponds to 
the composition by volume: — 

8 volumes carbon vapour. . . 3371 * 

8 volumes chlorine. . . .19523 

22894 

Density ^ ^ = 5724. 

4 

It must, therefore, contain 4 atoms of carbon and 4 of chlo- 
rine, and its formula be C4CI4, or we have come at last to ole- 
fiant gas C4H4 with its whole hydrogen replaoed by chlorine. 

* Regnault 5 De rAclion du Chlore sur la liqueur des Hollandais et aur le 
Chlorure d’Ald^hyd^ne. An. de Ch. ct de Ph. t. 69, p. 151. Idem, Sur lea Chlo- 
rurea de Carbon, ib. t. 70. p. 104v 
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It is interesting to observe how a body retains, after so many 
mutations, such distinct traces of its origin. From its analysis 
it might be a compound of singld equivalents, C Cl, of the sim- 
plest nature, and so it was considered when named protochloride 
of carbon, but there have ®been found in it the p C of alcohol, 
to which compound we can trace it back, by many steps but 
with perfect' certainty. 

Subchloride of carbon. — ^Another compound of this class 
exists, of which a specimen produced accidentally was examined 
by Messrs. Phillips and Faraday. Regnault has formed it, by 
making the preceding liquid compound pass several times 
through a tube at a bright red heat. It condenses in the coldest 
parts of the tube in very fine silky crystals, which may be 
taken up by etlier, and obtained perfectly pure by a second sub- 
limation. The analysis of this substance proves that its elements 
are in the proportion of ^^ equivalents of carbon to 1 of chlorine, 
but the number of its equivalents is indeterminate, as its den- 
sity is unknown. If it belongs to the foregoing series, its for- 
mula will be C4CI2. 

Chlorocarbonic acid gas^ CO,Cl. — Tliis gas is made by ex- 
posing equal- measures of chlorine and carbonic oxide to sun- 
shine, wBen rapid but silent combination ensues, and they con- 
tract to one half their volume. It is decomposed by water, 
hydrochloric and carbonic acids being formed, and does not 
combine with bases to form salts. It belongs to the carbonic 
oxide series. 

Chloride of boron^ B CI3.— A gaseous compound of these 
elements was obtained by Berzelius, by transmitting chlorine 
over boron heated in a glass tube/ and by Dumas by transmitting 
the same gas over a mixture of boracic acid and carbon ignited 
in a porcelain tube. Its density was‘ found to be 4079 by 
Dumas, and it is considered a tercbloride. 

Chloride of silicon^ Si CI3. — ^Tbis compound is obtained by 
similar processes as the^ast. It is a limpid and volatile liquid, 
boiling at 124<>, and is converted by water into hydrochloric acid 
and silica. 

Chloride of mlphwr^ SgCl. — This compound was first ob- 
tained by Dr. Thomson in 1804. To prepare it, 2 or 3 ounces 
of flowers of sulphur may be introduced into the body of a tu- 
bulated retort and gently warmed. Dry chlorine is conducted 
to the sulphur, by a quill tube descending through a perforated 
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cork in the tubulure of the retort, and flask may be applied 
to the beak of the retort to receive a small portion of the pro- 
duct which distils over during the operation. The chlorine is 
rapidly absorbed and a dark coloured derigc liquid is obtained, 
which boils ^ about 280°, and lias *9. disagreeable odour, some- 
what resembling that of sea-weed, but much stronger. Rose 
finds that this is a solution of sulphur in a defftiite chloride 
of sulphur SgCl, which may be obtained pure by distilling the 
liquid at a moderate temperature.* This compound is capable 
of dissolving a very large quantity of sulphur, which may b^ 
obtained in crystals from a solution saturat#wi at a high tem- 
perature. It is decomposed by water, and hydrochloric and 
hyposulphurous acids formed. 

This compound also absorbs a large but inflefinite quantity 
of chlorine. But a definite superior chloride of sul])hur lias 
lately been obtained by Rose, in comldnation with several me- 
tallic perchlorides.t It is a bicliloride of sulphur, S Clg, but 
cannot be obtained in a separate state. When chlorine is 
passed over the bisulphuret of tin, the gas is absorbed, the sul- 
phuret fuses, and a compound is formed in yellow crystals, 
which consists of Sn Clg+S CI2. The sulphui of the sul- 
phuret of titanium and of the sulphurets of antimofly and ar- 
senic is converted by chlorine, in the same manner into bichlo- 
ride, and the metal itself obtains the same proportions of chlo- 
rine as it had of sulphur previously, the new products also 
remaining in combination with each othdJ*. 

Terchloride of phosphorus^ P 013. — This chloride, which cor- 
responds with phosphorous acid, is obtained by passing the 
vapour of phosphorus over •corrosive sublimats in a heated 
tube; a clear and volatile liquid distils over, of sp. gr. 1.45. 
It is capable of dissolvftig phosphorus ; when mixed with water, 
it is resolved into hydrochlopc and phosphorous acids. 

Per chloride of phosphorus^PCl ^. — Phosphorus takes fire spon- 
taneously in a vessel of dry chlorine, and produces a snow white 
woolly sublimate, which is very volatile, rising in vapour below 
212°. It is concerted by water into hydrochloric and phos- 
phoric acids. Compounds also have been formed of chlorine, 
sulphur and phosphorus by Rose and Serullas, t<T which Berzelius 
assigns the speculative ‘formulse SCI2+PCI3 and PS6-^2S2C1. 

* An. de Gh. ct de Fh. t. 50, p. 92. 

t An. de Ch. et de Ph. t. 70. p. 278. 
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SECTION XL 
BROMINE. 

Eq. 978.31 or 78.39 ; Br ; density 5393 ; [JZl* 

This element was discovered by M. Balard of Montpellier 
in 1826. Its name is derived from Bjow/xoc, mal-odour, and 
was applied to it on account of^ its strong and disagreeable 
„odour. Like the other pembers of the chlorine family, it is 
found principally in solution, being present in an exceedingly 
minute but appreciable proportion in sea water, under the form 
of bromide of sodium or magnesium, also in the water of the 
Dead Sea, and *in nearly all the saline springs of Europe, of 
which that of Theodorshall near Kreuznach in Germany is the 
principal source of bromine, as an article of commerce. Although 
it has not been found applicable to any important purpose 
of utility, bromine is interesting from its chemical relations, 
particularly from the extraordinary parallelism in properties with 
chlorine which it exhibits. 

PreparaiiGu . — Bromine in combination is detected by means 
of chlorine water, a few drops of which cause the colourless so- 
lution of a bromide to become orange yellow, like nitrous acid, 
by disengaging bromine, while an excess of chlorine weakens 
the indication, by forming a chloride of bromine which is nearly 
colourless. Before th? application of this test, the saline water 
in which bromine is contained must always be greatly concen- 
trated, and, indeed, the greater part of its salts separated by 
crystallization? Th^ bromides are highly soluble and remain 
in the incrystallizable liquor which is called the mother-ley, or 
bittern in the case of sea-water. • The Bromide of magnesium 
may lose hydrobromic acid duringithe farther concentration of 
the mother-ley, by evaporation, oii which account Desfosses re- 
commends the addition of hydrate of lime to the liquid, which 
throws down ftiagnesia, and produces a bromide of calcium 
which may be evaporated without loss of bromine. Instead of 
using free chlorine, to extricate the bromine^ peroxide of man- 
ganese and a liftle hydrdthloric acid may be added to the li- 
quid. Upon distilling, bromine is liberated and comes off com- 
pletely before the liquid boils. The watery vapqur which 
condenses in the receiver along with the bromine, contains a 
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portion of chloride of broinine 3 |from which the bromine may 
be separated by adding barytes to the liquid, and forming a 
chloride of barium and bromate lof barytes 3 evaporating the li- 
quor to dryMss, and treating with ajcohol. • 

Propertied - — Bromine condenses in* the preceding process as 
a dense liquid under the water, the sp. gr. of bromine being 
2,966, In mass, it is opaque and of a dark brown red, but in a 
thin stratum, transparent and of a hyacinth red. Its odour is 
powerful and very like that of chlorine. When cooled 10 
or 15 degrees below zero, it freezes,# and remains solid at 10®f 
it then has a leaden gray colour and a lustrd almost metallic. 
Bromine at the usual temperature is decidedly volatile, and to 
retard its evaporation, it is generally hovered by water in the 
bottle in which it is kept. It boils at 11C°.5, and affords a va- 
pour very similar to the ruddy fumes of peroxide of nitrogen. 
Bromine is soluble to a small extenf in Vatcr, and gives an 
orange coloured solution 3 it is a *little more soluble in alcohol, 
and considerably more so in ether. 

Bromine bleaches like chlorine, and acts in a similar manner 
upon the volatile oils and many organic substances containing 
hydrogen, which element it eliminates in the fdrm^of hydro- 
bromic acid. Many metals combine with bromine with ignition, 
as they do with chlorine 5 it acts as a causfic on the skin and 
stains it yellow, like nitric acid. It forms a combination with 
starch, which is of a yellow colour ; lijje chlorine it forms a 
cryst^ine hydrate with water at 32®, which is of a beautiful red 
tint. 

Hydrobromic acid, H Br.— This is a gas, in which 2 volumes 
of each constituent are united* without condensation, as in hy- 
Stebchloric acid, and \vhich has the great attraction for water of 
A rid. Hydrogen and bromine do not unite at the usual 
temperature, and a mixtur<J of them is not exploded by flame, 
but they unite in contact with the flanje and form hydrobromic 
acid. TJe same acid is more readily prepared by the action of 
brominfPupon certain compounds of hydrogen, such as sul- 
phuretted hydrdgpn, phosphuretted hydrogen and hydriodic 
acid. The gas may also be obtained by the mutual action of 
bromine, phosphorus .and water, and must 6 e collected over 
mercury. • 

Hydrobromic acid, like all the other bromides, is decomposed 
by chlorine, which is more powerful in its affinities than bro- 
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mine, but it is not decomposed by iodine. Its action with me- 
tals is precisely similar to that of hydrochloric acid. Hydro- 
bromic acid is not decomposed when heated with oxygen, and 
water is not decomposed hy bromine, so that tl^3 affinity of 
bromine and oxygen for hydrogen may be inferred to be nearly 
equal. This, acid, or a soluble bromide, produces white preci- 
pitates with the nitrates of silver, lead and suboxide of mercury, 
which are very similar to the chlorides of these metals. The 
other metallic bromides correspond in solubility with the chlo- 
rides. The bromide of silver, like the chloride, is soluble in 
ammonia. 

Bromic acid^ Br O5. — Bromine is dissolved by the strong 
alkaline bases, gnd occasions a decomposition exactly similar 
to that produced by chlorine, in which a bromide of the metal 
and bromate of the metallic oxide are formed. The bromic 
at:id may be separated from bromate of barytes by sulphuric 
acid, and its- solution may be^ concentrated to a certain point,, 
like chloric acid, beyond which it undergoes decomposition. It 
has not been isolated. The chief points of difference between 
chloric and bromic acid are, that the latter alone is decomposed 
by sulphqrous and phosphorous acids, and by sulphuretted 
hydrogen ; and while all the chlorates are soluble, it is said, that 
the bromates of silver and suboxide of mercury are insoluble, 
the former being a white and the latter a yellowish white preci- 
pitate. Bromic acid isnjthe only known oxide of bromine. 

Chloride of bromine^ CI5. — Chlorine gas is absorbed by 

bromine, and a volatj|e fluid of a reddish yellow colour pro- 
duced, This chloridff appears tp dissolve in water without 
decomposition, but in an alkaline solution, it is converted into 
chloride and 1>romate, 

Bromide of sulphur . — Bromine combines when ihixe:^ 
flowers of sulphur, forming a fluid‘ of an oily appearance and 
reddish tint, much resembling chloride of sulphur in appear- 
ance and properties. This bromide dissolves both sulphur and 
bromine, and has not been obtained in a state of sufficient 
purity for analysis. 

Bromides of phosphorus, P Br3 and P Brg. — If bromine and 
phosphorus are Drought into contact in* a flask filled with car- 
bonic acid gas, a violent action with ignition takes place, of 
which the products are a volatile crystalline solid, and a yel- 
lowish liquid. The former, when decomposed by water, affords 
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hydrobromic and phosphoric acids, which proves it to be P 
and the latter affords hydrophloric and phosphorous acids, 
which proves it to be P Br^. ^The liquid bromide does not 
freeze at 5®, ^nd like the liquid 4;hloyde of •phosphorus is capa- 
ble of dissolvflig a large quantity of phosphorus. 

Bromide of carbon , — It is probable that the coijapound des- 
cribed as such by Serullas is bromoform, P Br^.* 

Bromide of silicon — Is prepared by a similar process as the 
chloride of silicon. It is a liquid boiling at 302® and freezing 
at 10°. By water it is resolved into hydrobromic acid and® 
silica. 


SECTION Xlh 
IODINE. 

Eq. 1570.5 or 126.57 j I; dern^y 8^07 •7? f LZJ* 

• 

Iodine was discovered in 1811, by M. Courtois of Paris, in 
kelp, a substance from which he prepared carbonate of soda. 
Its chemical properties were examined by Clement, and after- 
wards, more completely by Davy and Gay-Ldssac^ particularly 
the latter. t A trace of iodine has been observed in»sea*«water 
(Schweitzer), but it is more abundant in the fiici, ulvi and other 
marine plants, hnd also in sponge, the ashes of which contain 
iodide of sodium. Tt is known also to exist in one mineral, a 
silver ore of AU)aradon in Mexico. Idfline has not as yet, I 
believe, found any important application in the useful arts, but 
it has proved a valuable addition to the materia medica. 

Preparation,— The greater p^jirt of the iodine of commerce is 
prepared at Glasgow from the kelp of the west coast of Ireland, 
and western islands of Scotland. The sea-u^ecd thrown upon 
the beach is collected, dried^ and afterwards burned in a shallow 
pit, in which the ashes accuijiulate and melt by the heat, being 
of a fusible material. The fused mass broken into lumps forms 
kelp, which was prepared and chiefly valued at one time for 
the carbonate of ^oda it contains, which varies in quantity from 
2 to 5 per cent, it is not all equally rich in iodine. According 
to the observation of Mr. Whitelaw,.the long* elastic stems of 
the fucus palmatus apbtd most of the iodine contained in kelp, 

® An. (Ic Ch. et de Ph. t. 39, p. 225. 

f Davy in Philosophical Transactions for 1814 and 1815; Gay-Lussac in the 
Annales da Chimie, t. 88, 90 and 91. 
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and the kelp prepared* from this plant may be recognized by 
the presence of charred portions«of the stems ; and as that is a 
deep sea plant, it is found in^largest quantity in the sea-wreck 
of exposed coasts. 'A high tertiperature in the preparation of 
the kelp, which increases the proportion of alkaline carbonate^ 
diminishes that of the iodine, owing to the volatility of the 
iodide of sodium at a full red heat. The kelp which contains 
most iodine, generally contains als® most chloride of potassium, 
and it is for these two products that the substance is now va- 
'lued, more than for its alkali. 

The kelp broken into small pieces is lixiviated in water, to 
which it yields about half its weight of salts. The solution is 
evaporated down in an open pan, and when concentrated to a 
certain point, begins to deposit its soda salts, namely, common 
salt, carbonate and sulphate of soda, which are removed from 
the boiling liquor by means of a shovel pierced with holes like 
a colander. The liquid is afterwards run into a shallow pan to 
cool, in which it deposits a crop of crystals of chloride of potas- 
sium ; the same operations are repeated upon the mother-ley of 
these crystals until it is exhausted. A dense dark-coloured 
liquid reipains, which contains the iodine, in the form, it is 
believed, of iodide of sodium, but mixed with a large quantity 
of other salts, and this is called the iodine ley. 

To this ley, sulphuric acid is gradually added in such quan- 
tity as to leave the liqiud very sour, which causes an evolution 
Fig. 42. carbonic acid, sul- 

phuretted hydrogen, 
and sulphurous acid 
gases, with a conside- 
rable deposition of 
sulphur. After stand- 
ing for a day or two, 
the ley so prepared, 
is heated with per- 
oxide of manganese, 
to separate the iodine. 
This operation is con- 
• ducted in a leaden 
retort a (see figure) 
of a cylindrical form, 
supported in a sand- 
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bath, which is heated by a small fire below. The retort has a 
large opening, to which a capital b c, resembling the head of an 
alembic, is adapted, and lutedf \j’ith pipe-clay. In the capital 
itself there are two openings, a^larger and* a smaller, at 6 and 
c, closed by leaden stoppers. A series ‘of bottles rf, having eacli 
two openings, connected together as represented ip the figure, 
and with their joinings luted, are used as condensers. The 
prepared ley being heated to nJ)out 140® in the retort, the man- 
ganese is then introduced, and b c iuted to a. Iodine immediately 
l>egins to come oflF, and proceeds on to*the condensers, in which 
it is collected ; the progress of its evolution^ is watched by 
occasionally removing the stopper at c ; and additions of sul- 
phuric acid or manganese are made by 5, if deemed necessary. 
The success of the experiment depends much upon its being 
slowly conducted, and upon the proper management of the 
temperature, which is more easily regulated when the quantities of* 
materials are considerable, than when the experiment is attempted 
with small quantities in glass flasks. In the latter circumstances, 
chlorine is often evolved with the iodine, which escapes in acrid 
fumes, as the chloride of iodine, and is lost ; but this accident 
can be avoided in the manufacturing process. A liltl^ cyanide 
of iodine often accompanies the iodine, which being more vola- 
tile, condenses in the form of white, flexible, prismatic crystals, 
in the bottle most distant from the leaden retort. 

In this operation, the peroxide of man^nese will be in con- 
tact at once with hydriodic, hydrochloriq and sulphuric acids ; 
and the iodine of the hydriodic acid may be liberated, from the 
union with its hydrogen of the ^oxygen of the manganese, and 
the formation of water j or hydrochloric acid may be first de- 
composed by the manganese, and chlorine decompose the 
hydriodic acid and liberate iodine. If a considerable excess of 
sulphuric acid be employed, i6dine is obtained without the use 
of the' peroxide of manganesb, the oxygen required by the 
hydrogen of the hydriodic acid being supplied by the sulphuric 
acid, a part of which is converted into sulphurous acid. The 
presence of iodine !ii the prepared ley may be observed by sud- 
denly mixing it with an equal volume of oil of .vitriol, when 
violet fumes of iodine appear. But the* quantity of iodine may 
be more accurately estimated by means of a solution consisting 
of 1 part of crystallized sulphate of copper and dr. proto- 
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sulphate of iron, which throws down an insoluble subiodide of 
copper, almost white. 

Properties . — Iodine is genpSlly in crystalline scales of a 
bluish black colour, and metric lustre. It may also be ob- 
tained, from solution, in^tKe form of elongated bc/ohedrons with 
a rhomboidal base. The density of iodine is 4.948 ; it fuses at 
225®, and boils at 347®; but it evaporates at the usual tempera- 
ture, and more rapidly when damp than when dry, diflFusing an 
odour having considerable resemolance to chlorine, but easily 
n distinguished from it. Ipdine stains the skin of a yellow co- 
lour, which however disappears in a few hours. Its vapour 
is of a splendid violet colour, which is seen to great advantage 
when a scruple or two of iodine is thrown at once upon a hot 
brick. Hence its name, from violet-coloured. The 

vapour of iodine is the heaviest of gaseous bodies, its density 
'»being 8716 according tb the experiment of Dumas, and 8707-7 
according to calculation from its atomic weight. 

Pure water dissolves about l-7000th of its weight of iodine, 
and acquires a brown colour ; but whea. charged m\h a salt, 
particularly the nitrate or hydrochlorate of ammonia, water 
dissolves a 'considerably greater quantity of iodine. The solu- 
tion of iodine does not disengage oxygen in the light of the sun, 
and does not destroy vegetable^ colours, but after a time it 
becomes colourless, and then contains hydriodic and iodic acids. 
In other respects, iodine generally comports itself like chlorine, 
but its affinities are much less powerful. Iodine is soluble in 
alcohol and ether, with which it forms dark reddish brown 
liquors. Solutions of iodides, too, all dissolve much iodine. 
A liquid containing 20 grains of" iodine and 30 grains of iodide 
of potassium in 1 ounce of water, is known as LugoFs solution, 
and preferred to the tincture in ‘medicine, because tlie iodine is 
not precipitated from it by dilution with water. 

A solution of starqh forms ‘^an insoluble compound with 
iodine, of a deep blue colour, the production of which is an 
exceedingly delicate test of iodine. If the iodine be free, starch 
produces at once the blue precipitate, but if ix be in combination 
as a soluble iodide, no change takes place, till chlorine is added 
to liberate the iodine. " If more chlopne, however, be added 
than is necessary for that purpose, the iodine is withdrawn from 
the starch, chloride of iodine formed, and the blue compound 
destroyed. Dr. A. T. Thomson, after adding the starch with a 
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drop of sulphuric acid to the liquid containing an iodide, in a 
cylindrical vessel, allows the wapour only from the chlorine- 
water bottle to fall upon the solution, and not the chlorine- 
water itself, fin this way, the^dangei; of adding an excess of 
chlorine is easily avoided, -and the test indicates in a sensible 
manner an exceedingly minute quantity of iodine. •The iodide 
of starch, in water, becomes colourless when heated, but re- 
covers its blue colour if immediately cooled. The solulde 
iodides give, with nitrate of silver, an insoluble iodide of silver, ^ 
of a pale yellow colour, insoluble in* ammonia; with salts of 
lead, an iodide of a rich yellow colour, and with corrosive subli- 
mate, a fine scarlet iodide of mercury. 

In ascertaining the quantity of iodine in the lAixed chlorides, 
and iodides of mineral waters and other solutions, Rose recom- 
mends the addition of nitrate of silver,#whiph throws down a 
mixture of chloride and iodide of, silver, which is fused and 
weighed. Tliis is afterwards heated in a tube and chlorine passed 
over it, by which the iodine is expelled, and the whole becomes 
chloride of silver. It is weighed again, and a loss is found to 
have occurred, owing to the equivalent of the replackig chlorine 
being less than that of the replaced iodine. This losf,* multi- 
plied by 1.389, gives the quantity of iodine originally present, 
which has been expelled by the cldorine.* Dr. Schweitzer em- 
ploys a similar method in estimating the quantity of iodine when 
mixed with bromine, heating the iodide affd bromide of silver 
in an atmosphere of bromine. The difference in weight multi- 
plied by 2.627 gives the proportion of iodine, and multiplied by 
1.627 the proportion of broraine*.t 

Uses . — Iodine is employed in the laboratory for many chemi- 
cal preparations, and as test of starch. It was first introduced 
into medicine by Coindet of Geneva, who employed it witli suc- 
cess, in the treatment of goitrCi, dissolved in alcohol, in solution 
of iodide of potassium, or as iodide of sodium ; and since that 
application, most mineral waters to which the virtue of curing 
goitre was ascribi^d, have been found to contain iodine. 
M. Boussingault has adduced striking confirmations of the 
efficacy of iodine in that disease, in his intere^iting memoir 


* Handbuch der analytiseben Chemie von Heinrich Roie, B. 2, p.* .577, Ber- 
lin, 1838. 

T Pha. Mag. 3rd. series, v. 15, p. 67. 

c c 2 
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on the iodiferous minferal waters of the Andes.^ It appears 
to have a specific action ia causing the absorption of 
glandular swellings, and is alsot administered as a tonic. Iodine 
swallowed in the solid stat^ ma^ cause ulceration ^f the mucous 
membrane of the stomach, and death. But the iddide of potas- 
sium or sodkim is libt poisonous in large doses, nor is the iodide 
of starch hurtful (Dr. A. Buchanan). 

Iodides , — Iodine does not form* a hydrate like chlorine, but 
it combines with another compound body, ammonia ; dry iodine 
^absorbing dry aipmoniacal gas and running into a brown liquid, 
which Bineau finds to contain 20.4 ammonia for 100 iodine, 
quantities in the projiortion of 3 equivalents of ammonia to 2 
of iodine.t This liquid dissolves iodine. Iodine does not com- 
bine with dry iodide of potassium, but with the addition of a 
small quantity of water^it forms what appears to be a ternary 
compound of iodide of potassium, water and iodine, which is 
fluid, but was obtained in crystals by Bauer. It forms similar 
combijiations with other hydrated metallic iodides. With the 
metals generally iodine combines, with the same facility, and 
nearly with much energy as chlorine does. The iodide of zinc 
and protiodide of iron, which are very soluble, are formed by 
simply bringing the metals into contact with iodine, in water. 
All the iodides are decomposed by bromine, as well as by chlo- 
rine. 

The compounds ofvodine may be shortly described in the 
following order: 

Hydriodic acid . H I Iodide of sulphur 
Iodic acid • . . I Iodides of phosphorus 
Hyperiodic acid . I Chlorides of iodine. 

Iodide of nitrogen N I3 Bromides of iodine. 

COMPOUNDS OlP IODINE. 

» 

*'■ 

Hydriodic acidy H I. — Hydriodic acid cannot be prepared with 
advantage by treating the iodide of sodium or potassium with 
hydrated sulphuric acid, as the latter is partially converted into 
sulphurous acid by hydriodic acid, with the 'separation of iodine. 
It may be obtained in the state of gas, by forming an iodide of 
phosphorus, 9 paErts of dry iodine and !• of phosphorus being 
introduced into a tube sealed at one end, to be used as a retort, 

* An. de Ch. et de Pb. t. 54, p. 1 53. t An. de Ch. et de Fb. t 07» p. 226. 
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and the mixture covered by pounded glass, and combination 
determined by a gentle heat; ^and afterwards decomposing this 
iodide of phosphorus by a few djops of water. Hydriodic acid 
instantly con^s off as gas, and hydrated phosphorous acid remains 
in the tube. •Or PI3 and 6H O = Sfl I and 3H 0 + P O3. A 
slight heat may be applied to the tube, when the actjpn abates, to 
expel the last portions of hydriodic acid ; but if the temperature be 
elevated, the residuary hydratpd phosphorous acid is decomposed 
with the evolution of phosphurettecl hydrogen gas, which may, 
therefore, be obtaine(^ by the same operation. This gas is ver^f 
soluble in water, and soon decomposed over mercury, wRich 
combines with its iodine and liberates bydrogen, so that it 
ought to be collected by the method bf displacement. The 
gas is conducted by a tube to the bottom of a dry bottle, 
the air of which it displaces, as in the experiment with 
hydrochloric ncid (figure, page 355), and *the bottle is closed 
with a glass stopper when full of gas. Hydriodic gas is colour- 
less, of density 4443 by experiment and 4385 by theory, and 
consists of 2 volumes of iodine vapour and 2 volumes of hydro- 
gen gas*^ united without condensation, or forming 4 volumes, 
which are, therefore, the combining measure of the ga^ Iji the 
combination of its constituents by volume, hydriodic acid re- 
sembles hydrochloric gas and all the other hySrogen acids. Hy- 
driodic gas is gradually decomposed by oxygen, with the forma- 
tion of water; iodine is liberated. # 

The solution of this acid in water maj; be obtained by trans- 
mitting sulphuretted hydrogen gas through water in which 
iodine is suspended ; the iodiije combines wdth tbje hydrogen of 
that compouiid and liberates the sulphur. The liqijfd may after- 
M^ards be warmed to expel the excess of sulphuretted hydrogen, 
and filtered. It is colourless at first, but in a few hours becomes 
red, owing to the decomposition of hydriodic acid by the oxygen 
of the air, and the solution of* the iodine in the acid. The solu- 
tion has its maximum boiling point, which lies betwee^i 257® and 
262®, when of sp. gr. I.7, according to Gay-Lussac. Nitric and 
sulphuric acids deoompose it, and are decomposed themselves, 
with the formation of water ; the starph test then indicates free 
iodine. • 

Iodic acid;, IO5. — fodine does not afford a peculiar acid com- 
pound, with red oxide of mercury and those metallic oxides 
which yield hypochlorous acid with chlorine. Nor is it absorbed, 
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like chlorine, by hydrate of lime or alkaline solutions, to form a 
class of bleaching: salts. Such compounds are wanting in the 
series of oxides of iodine, whi^h'is at present limited to iodic 
and hyperiodic acids. Sementj^ imagined that he had formed 
inferior oxides of iodine; 6ut he is evidently mistaken. The 
iodate of soda combines with iodide of sodium in several pro- 
portions, one of which was supposed by Mitscherlich, when he 
discovered it, to be an iodate of soda, but that this is a double 
salt of the constitution first mentioned is now beyond 
redoubt. , 

A few grains* of iodic acid may easily be prepared by the 
method of Mr. Connel, which consists in heating the most con- 
centrated nitric acid upon a little iodine, in a wide glass tube, 
and afterwards evaporating to dryness by a heat not exceeding 
4 or 500®; a white crystalline powder remains in the tube, 
which is anhydrous iodic acid. When a larger quantity is re- 
quired, the most convenient process is to form, in the first place, 
an iodate of soda. An ounce or two of iodine may be suspended 
in a pound of water, with occasional agitation, and a stream of 
chlorine be passed through, till the whole iodine is dissolved. 
Carbonate 6f soda is added to the liquor, which is of a brown 
colour and strongly acid, till it becomes slightly alkaline, when 
a large precipitatiun of iodine occurs, which may be separated 
and collected on a filter. This iodine may be suspended in 
water and exposed tc^a stream of chlorine as before. But the 
filtered solution contains iodate of soda and chloride of sodium, 
with a trace of carbonate, which may be neutralized by hydrochlo- 
ric acid. On afterwards adding chloride of barium to the filtered 
solution, so Iftng as a precipitate is produced, the whole iodic 
acid will be thrown down as iodate of barytes, which may be 
collected on a filter and dried.. This iodate is anhydrous, and 
may be decomposed completely, by boiling 9 parts of it for half 
an hour with 2 parts of^il of vitriol, diluted with 10 or 12 parts 
of water. The liberated iodic acid dissolves, and being separated 
from the sulphate of barytes by filtration, is obtained as an 
anhydrous crystalline mass when evaporated* to dryness by a 
gentle heat. 

Iodic acid crystadlizes from a strong solution, as a hydrate, in 
large and transparent crystals, which are six-sided tables. This 
acid is not* sublimed, but decomposed, by a high temperature, 
and leaves no solid residue. Iodic acid is very soluble ; and 



IODIC ACib. 


391 


after reddening, bleaches litmus pajfer.* It oxidates all metals 
with which it has been tried, except gold and platinum. It is 
deoxidized by sulphurous acid,^ and iodine liberated, but an 
excess of sujphurous acid causyss the iodine again to disappear 
as hydriodic ilbid, water being decomposed by the simultaneous 
action of sulphurous acid and iodine upon its elen^ents. Mor- 
phia is said to be the only vegetable alkali which decomposes 
iodic acid and liberates iodinp ; and, hence, iodic acid has been 
recommended as a test for morphia. 

lodates.^The salts, of iodic acid have a general resemblancei 
to the chlorates. The iodate of potash is converted by heat into 
iodide of potassium and oxygen ; but the iodate of soda loses 
iodine as well as oxygen, when heated, dnd a yellow, sparingly 
soluble, alkaline matter remains, which Liebig imagines to con- 
tain the salt of an iodous acid, resolvable into an iodate and 
iodide by solution in water, but which*reqiiires further investi^ 
gation. The iodates of metallic protoxides, with the exception 
of the potash family, are all sparingly soluble or insoluble salts. 
The iodate of lime contains water, and when heated aiFords no 
iodide of calcium, but caustic lime. 

Fixed acids, which have little affinity for water, Inch as iodic 
acid, appear often to combine in several proportions with oxides 
of the potash family. The ordinary biniodate of poidsh contains, 

I find, an atom of basic water, but at a high tenlperature it is 
made anhydrous, and then a salt remainsieontaining two atoms 
of acid to one of potash. Mr. Penny ha§ crystallized a biniodate 
and teriodate of soda, both anhydrous. 

Iodic acid likewise combines, with other acids, an observation 
of Davy's, u hich was disputed, T>ut has been confirmed by Ber- 
zelius.* These are compounds which generally precipitate in a 
crystalline form, when another acid is added to a hot and con- 
centrated solution of iodic* acid. Compounds of sulphuric, 
nitric, phosphoric and boracic*acids with iodic acid were formed 
by Berzelius. The compound with sulphuric acid may be sub- 
limed without decomposition. When vegetable acids are dis- 
solved in iodic acid, they are immediately decomposed by it, 
carbonic acid being disengaged with ^effervescqjice and iodine 
precipitated. ^ , 

Hyperiodic or Periodic acid^ I O^. — This acid, which was 


* Trait4 de Cbimie, 1. 1, p. 212. 
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discovered by Magnus <Bnfl AminermuUeir, is formed by trans- 
mitting a current of chlorine thpugh a solution of iodate of 
soda^ to which, at least, three |times as much caustic soda has 
been added as there is of ^soda^ in the iodate. wo salts are 
formed, the chloride of sodium and a hyperiodatcf of soda with 
excess of soda, which is sparingly soluble, and precipitated by 
nitrate of silver, which throws down a sub-hyperiodate of silver. 
This salt may be washed, and afterwards dissolved in nitric acid, 
and the solution evaporated yields orange-yellow crystals of 
neutral hyperiodate of silver. It is remarkable that when these 
crystals are thrown into water they are decomposed, the whole 
oxide of silver precipitating with half the hyperiodic acid, as the 
former insoluble, sub-hyperiodate, while half the acid is dissolved 
by the water without a trace of silver, and obtained in a state 
of purity. This solution when evaporated affords hyperiodic 
acid in crystals, which are unalterable in the air, and of 
w’hich the solution in water is not changed by ebullition. The 
solution, treated with hydrochloric acid, affords chlorine and 
iodic acid, water being formed. Hyperiodic acid is resolved 
into oxygen and iodine by a high temperature. 

Hyperigdates.^^l&QsiAt^ neutral salts of this acid, subsalts of 
the potash family exist which contain two of base to one of acid. 
If these are subsails they are unique, as no true subsalts of the 
potash family are known. But it is more probable that hyper- 
iodic acid forms a seirond and bibasic class of salts, to which 
they belong.* 

Iodide of nitrogen . — Iodine has an action similar to that of 
chlorine upon^amraonia, and form^ when digested in a solution of 
that substance, an insoluble black powder, which is powerfullv 
detonating, and analogous to the chloride of nitrogen. The 
iodide detonates more easily, but less violently than the chlo- 
ride, always exploding spontaneously when it dries. Another 
process is to mix a great excess of ammonia, with a saturated 
solution of iodine in alcohol, and afterwards to add water so 
long as iodide of nitrogen precipitates. The filter with the 
humid precipitate should be divided into se^/eral pieces, other- 
wise the whole paay explqde, at once, upon drying. The same 
obscurity hangs oyer the composition and constitution of the 
iodide as the chloride of nitrogen. 


Poggendorr» Anoaku, vol. 28, p. 514. 
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When caustic soda is added to the^ohition of iodine in alco- 
hol or wood-spirit, a yellow substance of a saffron edour preci- 
pitates, which was supposed by ^itscherlich to be the periodide 
of carbon, b|it is iodoform^ of^high the •formula is C 2 H I 3 . 
No true iodidfe of carbon is known. 

Iodide of sulphur . — This compound is formed liy fusing to- 
gether 4 parts of iodine and 1 of sulphur. It has a radiated 
crystalline structure, but its. elements are easily disunited, the 
iodine escaping entirely from this compound when it is left ex- 
posed in the air. ^ 

Iodides of phosphorus . — Iodine appears to combine with 
phosphorus in several proportions, when they are brought in 
contact and slightly heated. In all these* combinations, the mass 
becomes hot without inflaming, if the phosphorus is not at the 
same time in contact with air. One part of phosphorus with 
6 , 12 and 20 parts of iodine forms fusible solids, which ma^ 
be sublimed without change, but which are decomposed by 
water, all of them yielding hydriodic acid, and the first 
affording besides phosphorus and phosphorous acid, the second 
phosphorous acid, and the third phosphoric acid. 

Chlorides of iodine . — Chlorine is readily absorbe^bjudryjodine 
and perhaps more than one compound formed. Berzelius forms 
a definite compound by distilling a mixture of 1 ^rt of iodine 
with 4 parts or more of chlorate of potash. There is formed in 
the retort, a mixture of iodate and h;,'^erchlorate of potash, 
at the same time that oxygen gas is disengaged, and a chloride 
of itjjdine is formed which condenses in the receiver. This chlo- 
ride of iodine is a yellow or reddish liquid, of an o^ly consistency, 
of a sharp and peculiar odour, and of a taste which is feebly 
acid, but very astringent and^rough. It is soluble in water and 
alcohol ; and ether extracts it from its aqueous solution unaltered, 
so that it is not decomposed by solution in water. It is sup- 
posed to consist of single equivalents of chlorine and .iodine.* 

When iodine is completely saturated with chlorine, it forms 
a compound whiph is solid and yellow, fusible by heat, but 
which cannot be sublimed without loss of chlorine. It fumes 
in air and has an acrid odour. It is decomposed by water and 
forms a colourless solution, which consists of hydrochloric and 
iodic acids. This proves the composition of this iodide to be 


Berzelius, Traits de Cliiinie, 1. 1, p. 110. 
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I Clfl, When treated in 1#e dry state with anhydrous alcohol or 
ether^ these menstrua take up hydrochloric acid and chloride 
of iodine, leaving iodic acid wljite and pulverulent. 

Bromides of iodine. — Iodine< likewise forms t^o bromides, 
which are both soluble in water. The solution breaches litmus 
paper withoyit first reddening it. 


SECTION XIII. 

* FLUORINE. 

Eq. 233.8 or 18.74 ; F; density {hypothetical) 1292 ; 

• 

This elementary body is most frequently found in the mineral 
kingdom in combination with calcium, or as fluoride of calcium, 
Which constitutes the inineral, fluor spar, and exists in small 
quantity in amphibole, mica and most of the natural phos- 
phates ; a trace of it also occurs in the enamel of the teeth, and 
in the bones of animals. Of all bodies, fluorine appears to pos- 
sess the most powerful and general affinities, and to be, there- 
fore, the qios^ difficult to isolate, or to preserve for the study of 
its properties. Indeed we have hitherto learned little more of 
fluorine than that* it exists and may be isolated. Several of its 
compounds, However, are of less difficult preparation and well 
known. v. 

Sir H. Davy made se^veral attempts to isolate fluorine. He 
exposed the fluoride of silver in a glass tube to gaseous chlorine, 
at a high temperature, and found that chloride of silver *was 
produced, «na fluorine therefore' liberated, but it was absorbed 
and replaced by oxygen, which it disengq^ged from the silica and 
soda of the glass. When Davy repeated the same experiment 
in a platinum vessel, the metal beckme covered with fluoride of 
platinum. He proposed«afterwards to construct vessels of fluor 
spar for the reception of the fluorine, which he expected to dis- 
engage from the fluoride of phosphorus by burning it in oxygen 
gas; but he does not appear to have carried this project into ex- 
ecution, and it i^ to be feared that any such operation, in which 
an excess of chloijne is necessarily employed, would yield a 
chloride of fluorine, rather than pure fluorine. M. Baudrimont 
avoided the use of chlorine, and transmitted the volatile fluoride 
of boron over deutoxide of lead (minium) in an ignited porcelain 
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tube. Having obtained a gas, suppose^ to be fluorine, which 
did not act upon glass, mixed with much oxygen, he substituted 
for this, another operation quite analogous to the usual process 
for chlorine.^ Oil of vitriol wa^heated upqn a mixture of fluor 
spar and perq^de of manganese, in & glass retort. . The gaseous 
product was believed to be a mixture of hydrofluoric and fluosi- 
licic acids with fluorine vapour, which were not separated from 
each other, but the latter is described as a gas of a yellowish 
browfi colour, having an odour resembling chlorine and burnt 
sugar, and capable of bleaching. Fjuorine did not act upoi^ 
glass, but combined at once with gold. Tht Messrs. Knox 
have obtained similar results.* But more than one skillful 
chemist of name has been less fortunate in obtaining indications 
so decisive of the isolation of fluorine. 

Hydrofluoric acid^ H F. Schwankhardt, of Nuremberg, ob- 
served in 16J0, that it was possible to 5tch upon glass by mean^ 
of fluor spar and sulphuric acid,* but it was not till 1771 that 
Scheele referred this action to a particular acid which sulphuric 
acid disengaged from fluor spar. Wenzel first obtained the true 
hydrofluoric acid, exempt from silica, by preparing it in proper 
metallic. vessels, the acid collected by Scheele beiitg the fluosi- 
licic and not the hydrofluoric. The preparation and ^rojferties 
of the pure acid were more fully studied by Gay-l4ussac and 
Thenard in 1810. It was then known as fluoric «id, and was 
supposed, according to the doctrine of th^^-day, to contain oxy- 
gen. The idea of its being a hydrogen acid was first suggested, 
a few years afterwards, by M. Ampere, Vhose views in theore- 
tical chemistry were often marked by much acuteness and origi- 
nality. The view of Ampere is now generally aSsented to, al- 
though from our imperfect knowledge of fluorine, the constitu- 
tion of hydrofluoric aci3 does* not rest upon the same indispu- 
table evidence as that of hydrochloric acid, to which it is assimi- 
lated. . 

Preparation * — To obtain hydrofluoric acid anhydrous, a spe- 
cimen of fluor spar is selected free from siliceous minerals and 
galena ; this is reflpeed to an impalpable powder and distiUed by 
a gentle heat in a retort of lead, with twice its weight of highly 
concentrated oil of vitriol. The matSrials become viscid and 


BaiuUimont, Phil. Mag, 3rd series, v. 10, p. 149; G. J. anef the Rev. T. 
Knox, lb. vols. 9, p* 107 and 12, 10$. 
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swell considerably, and an acid vapour distils over, which is 
even more acrid and suffocating^ ^an chlorine, and produces 
severe sores if allowed to condense upon the hands of the ope- 
rator. This vapour ds receiveck^in a flask or bottl^, likewise of 
lead, kept cold by ice, in which it condenses without the pre- 
sence of wa^er. The acid, thus obtained, may be preserved in 
vessels of platinum or gold, provided with stoppers of the same 
metal which fit accurately, or in vessels of lead formed without 
tin solder, tin being rapidly acted upon by hydrofluoric* acid. 
^If the solution of this acid in water is required, the extremity of 
the leaden tube, from the retort, may be allowed to touch the sur- 
face of water in a platinum crucible or capsule, by which the 
acid vapour is readily 'condensed ; and the dilute acid may be 
preserved without much contamination in a glass bottle, which 
has been previously heated and coated internally with melted 
bees-wax. 

Fluor spar, which is employed in this operation, is the fluo- 
ride of calcium, upon which the action of hydrated sulphuric 
acid is similar to its action upon chloride of sodium, in which 
hydrochloric acid is produced. Water is decomposed, by the 
hydrogen^ anil oxygen of which, the fluorine and calcium* are con- 
verted respectively into hydrofluoric acid and lime ; and the 
former comes off as vapour, while the latter remains in the retort 
as sulphate 5i lime. In symbols : 

Ca F and S O 3 = H F and Ca O, S O 3 . 

Water is, therefore, necessary to the formation of hydrofluoric 
acid ixi the process given for its preparation ; and the observation 
of M. Kuhlmkn, that anhydrous sulphuric acid vapour has no 
action upon fluor spar at a high temperature, is readily ac- 
counted for. Did fluor spar contain an oxygen acid, in combi- 
nation with lime, the acid should be equally liberated by tlie an- 
hydrous or hydrated sulphuric acid. ^ 

Properties , — Anhydrous hydrofluoric acid is a colourless, 
fuming and very volatile liquid, boiling not much above 60o ; 
and which does not freeze at 4®. Its sp. which is 1.0609, 
is increased to 1 .25 by the addition of a certain quantity of water, 
for which it has an intense affinity. Hydrofluoric like hydro- 
chloric acid, dissolves the more oxidable inetals with the evolu- 
tion of hydrogen gas. Mixed with nitric acid, it dissolves ig- 
nited silicon and titanium, with disengagement of nitric oxide ; 
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but that acid mixture has no action upon^he noble metals, such 
as gold and platinum, whiclj are dissolved by aqua regia. Se- 
veral insoluble acid bodies, which are not acted on by sulphu- 
ric, nitric oi^ hydrochloric acie^are dissoWed with facility by 
hydrofluoric aeid ; such as silica, titanic, tantalic, molybdic and 
tungstic acids. Water is then formed from the oxygen of these 
acids and the hydrogen of hydrofluoric acid, and fluorides of 
silicon or of the metals of the acids enumerated are likewise pro- 
duced ; which fluorides appear to combine with undecoraposed 
hydrofluoric acid, when water is pre^nt. This acid destroys 
glass by acting upon its silica. If a drop of the concentrated 
acid be allowed to fall upon a glass plate, it becomes hot, enters 
into ebullition and volatilizes in a thick smoke, leaving the spot 
with which it was in contact deeply corroded, and covered by a 
white powder composed of the elements of the glass excepting a 
portion of the silica, which has passed 3fF as gaseous fluoride o& 
silicon. • 

The diluted solution, or the vapour of hydrofluoric acid is 
sometimes used to etch upon glass. The purity of the acid being 
of little moment in this application of it, the sulphuric acid and 
fluor spar may be mixed in a stone-ware evaporating bason. The 
glass is warmed sufficiently to melt bees* wax rubbe3 upon it, 
and thereby covered with a coating of that sflbstance, which is 
afterwards removed from the parts to be etched, *4^^ a pointed 
rod of lead or tin, employed as a graver, .^sfgentle heat being 
applied to the bason, acid fumes are ^evolved to which the 
etched surface of the glass is exposed for a minute or two, care 
being taken not to meit the wax. The wax is afterwards re- 
moved by warming the glass, an’d wiping it with tdw and a little 
oil of turpentine, when the exposed lines are found engraved to 
a depth proportional to the time they have been exposed to the 
acid fumes. But in taking impressions upon paper from glass 
plates engraved in this way, a*§ from a cppper-plate, they are too 
apt to be broken from the pressure applied in printing. 

To detect the minute quantity of hydrofluoric acid, which 
exists in many mVerals, Berzelius recommends that the sub- 
stance to be examined be reduced to fine powder and mixed 
wdth concentrated sulphuric acid, in a platinum crucible covered 
by a small plate of §lass, waxed and engraved as described. 
The crucible is then exposed to a gentle heat, insufficient to 
melt the wax, and in half an hour, the glass plate may be removed 
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and cleaned. If the mineral submitted to the test contained 
fluorine, the design will be perceived upon the glass 5 when the 
quantity of fluorine, however, is very small, the engraving does 
not appear immediately, but l^omes visible on ^passing the 
breath over the glass. Thd presence of silica in thetnineral inter- 
feres with this operation, but an indication may then be obtained 
by heating a fragment of the mineral to redness upon a piece of 
platinum foil slipt into a glass tube, 8 or 10 inches in length and 
open at both ends. The tube is held obliquely with the mineral 
near the lower end, and so /:hat part of the vapour from the flame 
passes up the tubfe. The moisture, thus introduced, carries away 
the gaseous fluoride of silicon, and condenses in drops in the 
upper part of the tube.*' These drops when afterwards evapo- 
rated, in drying the tube, leave a white spot, which consists of 
silica, coming from the decomposition of the fluoride of silicon 
by the water with wiiich‘it condensed (Berzelius). Dr. G. O. 
Rees has lately called in question the existence of fluorine in 
bones, which he finds, contrary to the general opinion, not to 
be indicated in them by this test. 

Fluoride of boron^ fiuoboric acidy B F3. — ^This compound is 
gaseous, and* is obtained when dry boracic acid is brought in 
contact with concentrated hydrofluoric acid ; when boracic acid 
is ignited with flu6r spar ; and most conveniently by heating 
together in £r%>ass retort, 1 part of vitrified boracic acid, 2 of 
fluor spar and 1 2 of a^jpeentrated sulphuric acid, although this 
process does not give it free from fluosilicic acid. The reaction 
by which the fluoboric acid is then produced may be thus ex- 
pressed : 

3 CaF and BO^ and 3(H0,S03) = 3(Ca0,S03) and 3HO 

and BFg. 

Fluoboric gas haa no action upon*glass, and may be collected 
in glass vessels over raqrcury. It is colourless, but produces 
thick fumes when allowed to escape into the atmosphere. Its 
density according to Dr. J. Davy is 2371, and 2312 according 
to Dumas, who finds 1 volume of this gas to /Contain li vol. of 
fluorine. Fluoboric gas is not decomposed by iron and the or- 
dinary metals, even at a bright red heat, but on the contrary, 
potassium, with the metals of the alkaliecl and alkaline earths, 
decomposes* it at a red heat; boron is liberated by potassium, 
and a doubfe fluoride of boron and potassium also formed. 
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Water absorbs fluoboric acid gas with* the greatest avidity, 
taking up, according to J, Davy^ 700 times its volume, which in- 
creases its bulk considerably and raises its density to I.77. The 
most ready mjde of preparing th$/solution of this acid, is to dis- 
solve crystalliaed boracic acid in hydrofluoric acid. The acid is 
extremely caustic and corrosive, charring and destroying wood 
and organic matters, when concentrated, like sulphuric acid, 
probably from its avidity for moisture. 

A dilute Ablution of fluoride of boron, undergoes spontaneous 
decomposition, according to Berzelius,, depositing one fourth of< 
its boron in the form of boracic acid, which crystallizes at a low 
temperature ; while a compound of hydrofluoric acid and fluo- 
ride of boron remains in solution, wdiich he term^ hydrofluohoric 
acid. The fluoride of boron has a great disposition to form 
double fluorides, and acts upon basic metallic oxides like the 
following compound. 


Fluoride of silicon, fluosilicic dbid, Si F3. — ^This gas is ob- 
tained in the following manner: equal parts of fluor spar and 
broken glass or quartzy sand, in fine powder, are mixed in a 
Fig. 43. glass flask a (figure 43), to be used as 

^ ] a retort, with six parts* o^ concen- 

^ trated sulphuric acid, and stirred well 
'""’y V ^ ^ together. A disengagement of gas 

/ \ giM immediately takes place^‘*Sffd the mass 

swells up consvdfffably, so that the 
imSEJ must be qapacious. After a time, 
// Ir \\ I a gentle heat is required to aid the 

j operation. Fluosilicic gas is collected 
I J y over mercury. In its physical cha- 

\ racters it resembles fluoboric gas. Its 
density is 3574 according to X Davy, and 3600 according to 
Dumas ; it contains twice its* volume of fluorine. In transmit- 
ting this gas into water, the tfibe must not dip in the fluid, for 
it w^ould speedily be choked by the deposition of silica, produced 
by the action of water upon the gas. In the arrangement figured, 
the extremity of tlfi^ exit tube is covered by a small column of 
mercury m, in the lower part of the ja^ througl^ which the gas 
passes before it reaches the water w. Every |pubble of gas ex- 
hibits a remarkable |flienomenon, as it enters the water, be- 
coming invested with a white bag of silica, which riiSes to the 
surface* It often hi^ppena, in the course of the operation, that 
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the gas forms tubes of silica, in the water, through which it 
gains the surface without decomposition, if they are not broken 
from time to time. When water is completely saturated with 
the fluoride of silicon, it has taV^en up aliout once j.nd a half its 
weight, and is a gelatinous, semi-transparent mase^ which fumes 
in the air. ,The liquid contains two equivalents of water to one 
of the original fluoride of silicon ; but one third of the fluoride 
has been decomposed by the water and converted into hydro- 
fluoric acid and silica. The hydrofluoric acid and fluoride of 
•silicon, in solution, are supposed to l^e in combination by Ber- 
zelius, forming 5HE + 2Si F,, which is termed by him hydro- 
fluoailicic acid. When this liquid is placed in a moderately 
warm situation, , the whole of it gradually evaporates, the free 
hydrofluoric acid reacting upon the deposited silica, with forma- 
tion of water ; and fluoride of silicon is revived. 

The most remarkJible* property of the fluoride of silicon is to 
produce, with neutral salts of potash, soda and lithia, precipi- 
tates which are gelatinous, and so transparent, as to be scarcely 
visible at first in the liquor, and with salts of barytes, a white and 
crystalline precipitate, which appears in a few seconds. Almost 
all the bajic metallic oxides decompose this acid, when they are 
employed in excess ; separating silica, and giving rise to metallic 
fluorides. When/ on the other hand, no more of the base is 
applied thjm\h^> quantity required to neutralize the free hydro- 
fluoric acid, combiii’aiions are obtained with all bases, which are 
analogous to double salfs ; consisting of a metallic fluoride com- 
bined with fluoride of silicon, the proportion of the latter con- 
taining twice as much fluorine as the former. The formula of 
one of these compounds, the double fluoride of silicon and po- 
tassium, is 2Si Fg-f-SK F, and those of qther metals are similar. 
The ratio of 2 to 3, in the equivalents of the two fluorides which 
form these double salts, is unusual.* 

Dr. Clark, to whos»« judgment on the subject of atomic 
weights I would greatly defer, considers that the equivalent 
number of silicon adopted by Berzelius is too high by one third; 
and should be reduced from 277*31 to Ifft.SJ. With this 
change, silica qpmes to consist of 1 eq. of silicon and 2 of oxy- 
gen, or isanalogoqs to carbonic acid ; and the fluoride of silicon, 
of 1 of silicon and 2 of fluorine. The doifble fluorides, in ques- 
tion, may then be represented by single equivalents of fluoride of 
silicon and metallic fluoride ; fluoride of silicon and potassium, 
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for instance, by SiF2 + KF; and the llydrofluosilicic acid of 
Berzelius, by Si Fj-f-H F. Dr Clark connects with this an in- 
teresting speculation respecting the constitution of these salts, 
which he wo#ld assimilate to tne fer^ocyanide of potassium, 
considered as a compound of ferrocyanogen and potassium, 
CygFe -f 2K. The fluoride of silicon and potassium may be viewed 
in the same way, as a compound of a salt-radical containing the 
silicon and all the fluorine of the salt, with potassium ; that is, 
Si Fg-f K; a view which accounts for some salts of this class not 
being decomposed by potash, and whicli is favoured by the in- 
creasing number of classes of salts, which appear to be formed 
on a similar type. 

No combination of fluorine with oxygen is known, nor of 
fluorine with nitrogen or carbon. 

Fluorides of^w^Awrand of jihosphorua formed by Davy, 
by distilling the fluoride of lead or jof mercury with sulphur or 
phosphorus, in platinum vessels. There result a sulphuret or 
phosphuret of the metal, and a fluoride of sulphur or of phos- 
phorus, which volatilizes. Both of these compounds present 
themselves as fuming liquids. The fluoride of phospljorus is de- 
composed by water, hydrofluoric acid with phosphosims acid 
being formed ; it is, therefore, a terfluoride of phosphorus, P P3. 
This fluoride is capable of taking fire and burningiry^ir, when 
it is presumed that phosphoric acid is produjj^dfand gaseous 
fluorine set free, which diffuses itself in the dxmosphere. 


CHAPTER IL 

COMP'^UNDS OF HYDROGEN. 

SECTION I. 

HVpkoGEN AND SULPHUR, 

Sulphuretted hvdbogen, or hydb osulp iiuric acid; 

Eg. 213.67 or 17*12; SH ; density 1177*; | 11 ** 

• ^ 

Certain compounds of hydrogen with the non-metallic ele- 
ments have been reserved for separate consideration, which 
coul^hot be introduced tnth advantage at an earlier period : 

D D 
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namely^ the compounds of hydrogen with sulphur and 
selenium, with nitrogen and phosphorus, and with carbon. 
Wi^ sulphur, hydrogen fornM at least two compounds, one of 
whira, sulphuretted hydregen^as, is a reagent if frequent ap- 
plication, and considerable importance. 

Preparation . — Of those metals which dissolve in dilute sul- 
phuric acid, with the displacement of hydrogen, the protosul- 
phurets dissolve also in the same acid, but the hydrogen then 
'evolved carries off sulphur in combination, and appears as 
sulphuretted hydrogen ^s. The protosulphuret of iron, which 
is commonly employed in this operation, is obtained by depriv- 
ing yellow pyrites or bisulphuret 3f iron of a portion of its 
sulphur by ignition in a covered crucible ; or formed directly by 
exposing to a low red heat a mixture of 4 parts of coarse sulphur 
and 7 of iron filings oj; borings in a covered stone-ware or cast 
iron crucible. The sulphuret of irpn, thus obtained, is brokeuv 
into lumps, and acted upon by diluted sulphuric acid in a gas- 
bottle, exactly as zinc is treated in the preparation of hydrogen 
gas (page 257)* Sulphuretted hydrogen is evolved without the 
applicatioi\. of heat, and should be collected over water at 80 or 
OFtif collected in a gasometer or gasholder, the latter may 
be filled with br^ine, in which this gas is less soluble than in 
pure wat<*r. Sulphuretted hydrogen obtained by this process, 
generally conliji*'s free hydrogen, arising from an intermixture 
of metallic iron with the sulphuret. The gas may also be 
evolved from the action of hydrochloric acid upon the sulphuret 
of iron, but as it is then impregnated with the vapour of the 
acid, and n^y also, like every-gas produced with effervescence, 
carry over drops of fluid, it should always be transmitted 
through water, before being applied to any purpose as pure gas. 
The reaction by which sulphuretted hydrogen is usually evolved, 

is expressed in the following equation ; 

« 

Fe S and H O, S Oj = H S and Fe O, S O 3 . 


Sulphuretted hydrogen, without any admixture of free hydrogen, 
is obtained by digesting in a flask, used as% retort, with a gentle 
heat, Bulphuitt of antimony in fine powder with concentrated 
hydrochloric a(^, in the proportion df I «unce of the former to 
4 ounoe^measures of the latter. 1l[1ie gas of this operation^ afrer 
l^Bg pitiled through water and dned, may be coniideried os 
pure. ,lt ma^ be collected oirer mercury, but is graduaQy de- 
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composed by that metfil, which has a strong affinity for sulphur, 
and hydrogen is liberated, witheut any change of volume. The 
reaction between hydrochloric ac^id and stdphuret of an%aony 
may be thus Aspressed : ' 

3H Cl and Sb S3 = SH S and Sb Cl,. . 

Properties . — Sulphuretted hydrogei^ is a colourless gas, of a 
strong and very disagreeable bdour. Its density is 1191.2, by 
the experiments of Gay-Lussac and Thenard. It consists of 
2 volumes of hydrogen and l-3rd vol. of sulphur vapour, con- 
densed into 2 vols-, which form its combining measure. By a 
pressure of 17 atmosphere!^ at 50®, it is cqndensed into a highly 
limpid, colourless liquid, of sp. gr. 0.9, which is 6f peculiar inte- 
rest as the analogue of water in the sulphur series of compounds. 
The solvent powers of this liquid have not been examined. , 
The air of a chamber slightly impregnated by this gas rnay be 
respired without injury, but a small quantity of the undiluted 
gas inspired occasions syncope, and its respiration, in a very 
moderate proportion, was found by Thenard to prove fatal 
birds perishing in air containing 1-1 500th, and a do^iuair con- 
taining l-800th part of this gas. Water dissolves, 2\ 

volumes of this gas, and alcohol, 6 volumes. • These solutions 
soon become milky, when exposed to air, the which 

combines with the hydrogen of the gas, aj^jj^^recipitates the 
sulphur. Those mineral waters termed sulphureous, contain 
this gas, although rarely in a proportion Exceeding ij per cent 
of their volume. They are easily recognised by their odour, 
and by blackening silver. 

Sulphuretted hydrogen is highly combustible, and burns with 
a pale blue flame, producing water and sulphurous acid, and 
generally a dej)0sit of sulphiy when oxygen is not present in 
excess. A little strong nitric acid thrown into a bottle of tliis 
gas, occasions the immediate oxidation of its hydrogen^ and often 
a slight explosion with flame, when the escape of the vapour is 
impeded by closing J:he mouth of the bottle by the finger. Sul- 
phuretted hydrogen* is immediately decomposed by chlorine, 
bromine and iodine, which assume its hydrogen J the odour of 
sulphuretted hydrogen in *a room is soon destroyed, on diffusing 
a little chlorine through it. Tin and many other metals, heated 
in this gas, combine with its sulphur with flame, and liberate an 
equal tdlume of hydrogen. Potassium decomposes one,moiety 
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of the gas in that manner, and becomes sulphuret of potassium, 
which unites with the other moiety without decomposition, 
forming a hydrosulphuret of tjhe sulphuret of potassium. The 
action of other alkaline, metals upon sulphurett^H hydrogen is 
similar. 

This conlfpound has a weak acid reaction, and is generally 
classed with the hydrogen acids. It does not combine and 
form salts with basic oxides, but it unites with basic sulphurets, 
such as sulphuret of potassium, and forms compounds which 
are strictly comparable with hydrated oxides. When sulphu- 
retted hydrogen is passed over lime at a red heat, both com- 
pounds are decomposed, and water with sulphuret of calcium is 
formed. The Oxides of nearly all the metallic salts, whether 
dry or in a state of solution, are decomposed by sulphuretted 
hydrogen in a simijar manner. But in those salts, of which the 
metallic sulphurets are dissolved by acids, such as salts of iron, 
zinc and manganese, a small quantity of a strong acid entirely 
prevents precipitation. These sulphurets are generally coloured, 
and many of them are black ; hence, the effect of sulphuretted 
hydrogen ip blackening salts of lead and silver, which renders 
these cct>npounds so sensitive as tests of the presence of that 
substance. Suli^huretted hydrogen also tarnishes certain metals, 
such as g<>ld, silver and brass, so that utensils of which these 
metals are the'^osis should not be exposed to this gas. 

Persulphuret of^hydrogen . — When carbonate of potash is 
fused with half its weight of sulphur, a sulphuret of potassium 
is formed containing a large excess of sulphur, which affords a 
solution in water of an orange, red colour. The protosulphuret 
of potassium, with hydrochloric acid, gives sulphuretted hydro- 
gen and chloride of potassium : Cl amd K S = H S and K Cl. 
But when the red solution of persulphuret of potassium is 
poured in a small stream, into , liydrochloric acid, diluted with 
two or three volumes of water, while chloride of potassium is 
formed as before, the sulphuretted hydrogen produced combines 
with the excess of sulphur present, and fqrms a yellowish oily 
fluid, the persulphuret of hydrogen, which falls to the bottom of 
the acid liquor. The»result of the combination in this case 
ajjpears rather capricious; for if th6 ^cid and persulphuret of 
potassium be mixed in the other way, — if the acid be added 
drop by drop to the alkaline sulphuret, then sulphuretted hy- 
drogen gas is evolved, the whole excess of sulphur precipitates. 
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and no persulphuret of hydrogen is formctl. The oily fluid pro- 
duced by the first mode of mixing has considerable analogy in 
its properties to the peroxide of hydrogen, and appears, like 
that compound, to have a certiftn degree of stability imparted 
to it by contact* with acids, while the presence of alkaline l)odies 
on the contrary, give its elements a tendency to separate. 

Thenard has observed other points of analogy between these 
compounds. Like peroxide 06 hydrogen, the persulplmret pro- 
duces a white spot upon the skin. The latter compound is also 
resolved into sulphuretted hydrogen ^nd sulpjiur by all the 
bodies which effect the transformation of the former into water 
and oxygen, such as charcoal powder, j)lat:inum, iridium, gold, 
peroxide of manganese, and the oxides of gold and silver, whicli 
when the persulphuret is dropt upon them, are decomposed in 
an instant, and even with ignition. Thcj>ersulphuret of hydro- 
gen undergoes spontaneously the same decomposition, even in * 
wxll closed bottles, which are apt, on that account, to be broken. 
It is soluble in ether, but the solution soon deposits crystals of 
sulphur. Thenard finds this body not to l)e uniform in its 
coiimosition, the proportion^^^lphur Dftcn exceeding consi- 
der<wy 2 proi)ortions to l^pi^^drogen. The oily Ji^^id ^ay, 
therefore^ be sometimes one and sometimes another compound 
of sulphur and hydrogen.* 

SECTION 11. 

HYDROGEN AND SELENIUM. 

^ehmui'etted hydrogeUj II Se. — One compound of these ele- 
ments is known, which i^ obtained by processes similar to those 
already descTibed, and possesses considerabte analogy to sul- 
phuretted hydrogen. It is a* colourless gas, soluble in water, 
and readily decomposed by the* conjoint action of water and air, 
with precipitation of selenium> All metallic solutions, even 
those of zinc and iron, when jiei^ral, are prdfcipitated by solution 
of seleniuretted hytfiog^ill^d t^ metallic seleniurets are gene- 
rally black or dark the exception o^ those 01 zinc, 

manganese and cerium, a flesh colour. Tiie odour 
of this gas is exactly similar to that of sulphuretted hydrogen, 
but it was found, by Berzelius, to exercise so violent an action 


* An. de Ch. etde Ph. t. <J8, p. 7^. 
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Upon the respiratory oVgaiis, as to make the inspiration of it, 
even in a highly diluted state, a. most painful and even dange- 
rous experiment (Traitd, I. 340), 

SECTION III. 

HYDROGEN AND NITROGEN. 

AMIDOGEN. 

Eq, 202 or 16,J) ; N Hg or Ad; not isolable. 

Hydrogen and nitrogen do not combine directly, but three 
compounds of these elements are generally admitted to exist, 
only one of which, however, ammonia, can be obtained in a 
separate state. It is even highly probable that amidogen is the 
only direct combination of these elements, and that the other 
two are compounds of amidogen with hydrogen. These com- 
pounds are — 

Amidogen . . N H2 N Hg 

Ammonia . . NH^ + H . . . NH3 

•'Ammonium. . NIIg-fSH. . . NH4 

JudgingjFrom the nature of the combinations in which ami- 
dogen is founci^,jit appears to be a compound of the salt-radical 
class, in which it ofeapies a low place, superior to oxygen, but 
considerably inferior t9 chlorine, or perhaps even sulphur. The 
white precipitate of pharmacy, formed on adding ammonia to a 
solution of chloride of mercury, is a body in which amidogen was 
proved to exist by the analysis of Dr. Kane, which has beeij re- 
peated and confirmed by Ullgren. The term amide being applied 
to combinations of amidogen, and the symbol Ad assigned to it, 
white precipitate is a compound' of chloride of mercury with 
amide of mercury, and is expressed by HgCl + HgAd. Dr. 
Kane has also shown that the black compound obtained on 
washing calomel or subchloride of mercury with ammonia, is a 
corresponding combination of subchloride*- with subamide of 
mercury, Hg2Cll4-Hg2A^ ; and he has ascertained the existence 
of amidogen in a, variety of other mercurial compounds. But 
it is to be observed of the metallic combinations of amidogen, 
that those which have been certainly established are confined to 
that metal, and also that amides of mercury have never been 
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obtained in a separate state, but alwaj^ in combination with 
another mercurial salt. The i^ea was thrown out l)y Dumas, 
that the explosive compounds of nitrogen might contain ami- 
dogen, and tlfe same view has been ^applied to tlic fulminating 
compounds prBduced by the action of ammonia upon the oxides 
of silver and gold ; but these views have not yet, been fully 
verified by analysis. 

Potassium, heated in amjnonlacal gas, N IT.,, disengages 
hydrogen, as when it acts upon water. If ammonia were then 
simply reduced to the state of amidogen, 4 volumes of the for-* 
mer should be decomposed to evolve 2 volumes of hydrogen ; 
but in the numerous experiments of Gay-Lussac and Thenard, 
nevermore than volumes of ammonia were. required to fur- 
nish 2 volumes of hydrogen, and consequently a small portion 
of the hydrogen must be furnished by tlie decomposition of 
arnidogen itself. The compound of potassium, which is a fusible? 
solid matter of an olive-green colour, likewise contains unde- 
composed ammonia. Tlie basis of it is, probably, a compound 
of potassium and arnidogen, but its constitution is very pro- 
blematical. Ever since the formation of this compound, by 
Davy and the chemists named above, the existence^^f such a 
body as arnidogen has been a floating speculation among che- 
mists. But it was first fixed and distinefly eminciatecl by 
Dumas, in his theory of the amides, in to a class of 

compounds of which he is the discoverer. ^ ' 

Oxamide.^ N H2,C202. — When oxalat^of ammonia is decom- 
posed by heat, a white insoluble sublimate is obtained, whicli 
was termed oxamide by Duma;^, and viewed as a combination of 
arnidogen arid carbonic oxide, N 112,0202 ; being formed by the 
abstraction of the elements of two atoms of water from oxalate 
of ammonia, of which the formula is N H4O, CgO^. When 
oxamide is boiled with an alftali or with an acid, the two atoftis 
of water are again assumed, and oxalic acid with ammonia repro- 
duced. Similar amides may be formed from other organic acids. 

Sulphamide^ N H2, S Og. — This is a compound exactly analo- 
gous to oxamide, containing the radical sulphurous acid, S Og, 
instead of CgOg, in combination witi(^ arnidogen. Sulphamide 
was formed, by Regnauk, by the action of dry ammonia upon 
chlorosulphuric acid, when 2 equivalents of ammonia and I of 
chlorosulphuric acid become sulphamide and hydrJchlorate of 
ammonia : 
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2N H3 and S Og, Cl = N H^, &O2 and N CL 

M. Rcgnault did not succeed completely in separating sulph- 
amide from the hydrochlorat^ of ammonia 5 thqse bodies are 
nearly equally soluble, both in water and alcohc^., and separate 
very imperfectly by crystallization. Sulphamide has a great 
attraction for moisture, and quickly deliquesces in the air, in 
which respect it differs completely from the product N H3, S O3, 
resulting from the combination of anhydrous sulphuric acid 
fWith dry arnrnoniacal gas,tand which some chemists have viewed 
as .a hydrated sulphamide, N S O2 + II O. The solution of 
sulphamide, in water, does not undergo any spontaneous change ; 
a solution even acidulated with hydrochloric acid and mixed 
witirdiloride of barium, in a close vessel, was not sensibly dis- 
turbed by the formation of sulphate of barytes in the course of 
a month. But at the boiling point, sulphamide changes slowly 
into the ordinary sulphate of ammonia by the fixation of the 
elements of water ; and the presence of a strong acid facilitates 
that transformation. 

Carbamide, N II2, C O. — Chlorocarbonic gas (page 378) con- 
denses ammdniacal gas, forming a compound which has hitherto 
been viewed as a ehlorocarbonate of ammonia, 2N H3 -f C O, Cl, 
but which M. Rcgnault finds to be a mixture of carbamide and 
hydrochloraLt ammonia, N H23 C O and N CL This 
compound is not dd’qucscent, dissolves easily in water and in 
alcohol slightly diluted. Carbamide is not decomposed by 
acetic or oxalic acid, nor by the strongest acids if diluted, but 
concentrated nitric acid occasions^ the evolution of carbonic acid. 
Its solution is not disturbed by chloride of barium. The ele- 
ments of urea, N2n4, C2O2, are the same as those of carbamide, 
but the equivalent of the former, inferred from its capacity of 
saturation as an organic base, is doable that of the latter.* 

AMMONIA. 

Eg. 214.48 or 17-1 ^5 NH3 or HAd; density 591.5; , 

Ammonia is a volatile alkali, which derives. its name from sal 
ammoniac, a salt from which it is generally extracted, and which 
received its title from being first prepared in the district of 

* Rcgnault, An.deCh. et dc t. 69, p, 180. 
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Ammonia, in Libya. It is produced in* the destructive distilla- 
tion of all organic matters containing nitrogen, wliicli lias given 
rise to one of its popular names, the spirits of hartshorn. It is 
also produceil during the putrefaction of ^the same matters in 
the atmospheife. In the mineral kingdom, it appears often to 
be formed in oxidation, when effected by the simultaneous ac- 
tion of air and water, as in the rusting of iron, and a trace of it 
is always found in the native joxides of iron, in the varieties of 
clay, and in some other mhierals. 

Preparation , — In a state of purity, ammonia is a gas, of whiclf 
the liquor or aqua animonice is a solution in water. This sdlu- 
tion, w'hich is of constant use as a reagent, is prepared by mixing 
intimately sal ammoniac (hydrochlorate * of ammonia) with an 
equal weight of slaked lime, and distilling the mixture in a glass 
retort, by the diffused heat of a chauffer or sand-pot. Arnmo- 
niacal gas comes off, which should be passed through a smalf 
quantity of water, to arrest a little dust of lime that is carried 
along with it, and afterwards be conducted into a quantity of 
distilled water, to condense it, equal to the weight of the salt 
employed. Chloride of calcium and the excess of lime remain 
in the retort, and a considerable quantity of water ^ Jiberated 
in the process, and distils over with the ammonia. This impor- 
tant reaction is explained in the following diagram : 

...■fV'’ ' ^ 

PROCESS FOR AMMONI^.. 


I’cforc decomposition. 

lydrochlora 
of aiumonia 


Ammonia 214^” 


6G!, Ilydrochloratc .i,! 

[Cdilorme 442 
[Oxygen^. 100 
I Calciunr. 25G 


Lime 


1025 


After decomposition. 

-2144 Ammonia. 


1124 Water. 

608 Chloride of 
calcium. 


1025 


1025 


Or in symbols : N H4, Cl and Ca O = N H3 and H O and CaCl. 

To obtain ammcmiacal gas, the solution prepared by the pre- 
ceding jirocess may be boiled by a geiitje heat, j^hen the gas is 
first expelled from its^ s\tperior volatility ; 01; the gas may be 
derived at once from sal ammoniac, mixed with twice its weight 
oftquicklime in a small retort, and collected over mercury. 

Propen'iies , — Ammonia is a colourless gas, of a strong and 
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pungent odour, familiar ‘in spirits of hartshorn. It is composed 
of 2 volumes of nitrogen and 6 qf hydrogen, condensed into 4 
vols., which form the combining^ measure of this gas. Ammonia 
is resolved into its cdnstitu^t gases, in these propdVtions, when 
transmitted through an ignited porcelain tube confining iron or 
copper wire, -while the metal, at the same time, becomes brittle, 
and is supposed by Despretz to absorb nitrogen, although this 
is doubtful. By a pressure of 6.5 atmospheres, at 50®, it is con- 
densed into a transparent colourless IRjuid, of which the sp. gr. 
Fs about 0.76. AiwHioniattil gas is inflammable in air in a low 
dejftee, burning in contact with the flame of a taper. A mix- 
ture of this gas with an equal volume of nitrous oxide may be 
detonated by the electric spark, and affords water and nitrogen. 
Water is capable of dissolving several hundred times its volume 
of ammoniacal gas, and the solution is always specifically lighter, 
and has a lower boiling point than pure water. According to 
the observations of Davy, solutions of sp. gr. 0.872, 0.9054 and 
0.9692 contain respectively 32.5, 25.37 and 9.5 per cent of 
ammonia. Ammoniacal gas is also largely soluble in alcohol. 

Solution of ammonia has an acrid alkaline taste, and pro- 
duces blisters on the tongue and skin. When cooled 
slowly to — 40®, it crystallizes in long needles of a silky lustre. 
The solution has a temporary action upon turmeric paper, which 
it causes to be^^bT;own while humid ; it also restores the blue 
colour of litmus reddbned by an acid, changes the blue colour 
of the infusion of red cabbage into green, and neutralizes the 
strongest acids, properties which it possesses in common with 
the fixed alkajies. When ammonia is free, it may always be 
detected by its odour, by forming dense, white fumes with 
hydrochloric acid, and by forming a deep blue solution with 
salts of copper. 

Ammonia, in solution, is decomposed by chlorine, with the evo- 
lution of nitrogen gas and formation of hydrochlorate of ammonia ; 
when ammonia and chlorine, both in the state of gas, are mixed 
together, the action that ensues is attended with flame. Dry 
iodine absorbs ammoniacal gas, and forms a brown viscous liquid 
(page 388), which water .decomposes, dissolving out hydriodate 
of ammonia, and leaving a black powder, which is the explosive 
iodide of nitrogen. 

The consideration of ammonia, as a compound of amidog#n 
and hydrogen, was involved in the explanation given by Dumas 
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of the formation of oxamide and other* amides ; but ammonia 
was first fully studied under this point of view by Dr, Kane, in 
his elaborate and valuable paper on the compounds of ammonia 
lately publi^ied.* He has there ^ucces^ully illustrated the 
nature of the two following classes of ammoniacal compounds, 
namely, those of ammonia with dry acids, and wiUi anhydrous 
salts. 

Ammonia and anhydrous oxygen adds . — Ammoniacal gas is 
condensed by dry carbonic acid gas, sulphurous acid, anhydrous 
sulphuric acid, &c., and saline compounds are fprmed which ar^ 
not to be confounded with the ordinary salts of ammonia, these 
containing ammonium. The class of salts in question has been 
minutely studied by Rose.f Ammonia,*or the amide of hydro- 
gen being viewed by Dr. Kane as a weak base, like water or the 
oxide of hydrogen, these salts are compared by him with hy- 
drated acids or salts of water. They are tlie true salts of am- 
monia as a base. 

With carbonic acid ammonia combines only in the proportion 
of single equivalents, or 4 vols. of ammoniacal gas with 2 vols. 
of carbonic acid. This carbonate of ammonia is a light, white, 
very volatile powder, of a strong ammoniacal odjjjy, iji the 
vapour of which the constituent gases are united without con- 
densation. The density of this vapour is, therefore^^902. This 
compound exists in, and is the cause of the odour of the 

smelling salts, or carbonate of ammonia'^bf the shops. By 
water it is decomposed, and resolved into free ammonia and the 
bicarbonate of the oxide of ammonium. 

With sulphurous acid gas, ammonia condenses jn two propor- 
tions ; namely, 4 vols. of ammonia with 2 and 4 vols. of sul- 
phurous acid, forming a neutral sulphite and a bisulphite of 
ammonia. The neutral salt attaches itself to the sides of tl)e 
vessel in which the gases dife mixed as a solid crust, or in fea- 
thery crystals of a 'reddish yellow colour. It rapidly absorbs 
moisture from the air, becomes white, and changes into the 
neutral sulphite of the oxide of ammonium. 

With anhydrous sulphuric acid, ammonia appears also to 

• • 

' Transactions of the Royal Irish Academy, vol. 19, pt^ I* 

T On the CombinationsPof Amraoma with Carbonic Acid ; Taylor’s Scientific 
Memoirs, vol. 2, p. 98 s 

’ Sur le Sulfate anhydre d'Ammoniaque, An. do Ch. ct de Ph. t. C2, p. 389- 

Surle Sulfite anhydre d*Ammoniaque, Ib, p. 407. 
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form two combinations/ only one of which/however, the neutral 
sulphate of ammonia, has been •obtained in a definite state. 
This salt appears to dissolve in water without decomposition, 
and neither of its cohstituents fe immediately afFe*^ted or fully 
precipitated by the reagents which usually havfe' that elFect. 
Thus chloride of strontium and chloride of calcium do not dis* 
turb its solution for several hours ; chloride of platinum preci- 
pitates, at first, only a small portion «of the ammonia, and chloride 
of barium, a small portion of the sulphuric acid of the salt. By 
boiling, its solution is gradually, but never completely converted 
into the ordinary sulphate of the oxide of ammonium, and this 
conversion seems always to precede the action of the reagents 
mentioned upon it. But, as Dr. Kane remarks, this sulphate 
of ammonia contains, on the binary theory of salts, a peculiar 
salt-radical, S O 3 , N Hg, and not S O 4 united with H ; so that its 
salt-radical is not . necessarily precipitated in the same circum- 
stances as the salt-radical of a sulphate. 

Ammonia with anhydrous salts, — ^Ammoniacal gas is absorbed 
by many anhydrous salts, and easily expelled from several of 
them again by heat. These combinations have also been most 
fully exanjined by Rose.* In many of them, the ammonia ap- 
pears to discharge a function analogous to that of water of 
crystallizati^ in salts, a function which is in accordance with 
its constitution *fc:^n amide of hydrogen. The salt generally 
rises in temperature 'during the absorption of the gas, and forms 
a bulky light powder. Sulphate of manganese absorbs 2 equi- 
valents of ammonia, sulphate of zinc 2|, sulphate of copper 2§, 
sulphate of niejeel 3 equivalents, sulphate of cobalt and sulphate 
of cadmium also 3, sulphate of silver 1 equivalent, nitrate of 
silver absorbs 3 equivalents, chloride of ealcium and chloride of 
strontium absorb 4 equivalents, chloride of copper 3, chloride of 
cobalt 2, chloride of lead Jths of an equivalent, chloride of sil- 
ver Ij, subchloride of mercury an^ chloride of mercury j eq., 
iodide of mercury 1 eq. In some of these salts, the ammonia is 
more intimately combined than in others; the compound of 
chloride of mercury with ammonia, for instance, may be sub- 
limed without decomposition, while the compound with iodide 
of mercury loses all its ammonia by exposure to the air; and in 
some salts, one poition of ammonia is retained more strongly 
than the rest ; this I found to be the case with half an equiva- 
• An. de Ch. et dePh. t. 62 , p. 308. ^ 
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lent in several of the sulphates, and with a whole equivalent in 
several of the chlorides of the magnesian family. 

Ammoniated salts, closely related to the preceding, arc often 
obtained onitransmitting ammoniacal gas through a strong solu- 
tion of such §!alts as, in the dry state, combine with ammonia. 
Nitrate of silver crystallizes with two atoms of jimmoiiia (G. 
Mitscherlich) nitrate of copper, with two also, and no water 
(Kane) ; sulphate of copper,^ with two ammonia and one water ; 
chlorides of copper and zinc, wdth the same (Kane). 


AMMONIUM. 

Eq. 226,96 or 18.19; NH^ or HgAd; not isolabJe. 

A compound radical consisting of ammonia with an additional 
atom of hydrogen, was first supposed to 'exist in the ordinary 
salts of ammonia by Berzelius, and termed ammonium. This 
body has never been insulated, but is supposed to appear, in a 
certain experiment, in combination with mercury, and possessed 
of the metallic character (page 176 ). It is not necessary, how- 
ever, that ammonium be a metal to be admitted as a basyle, 
and its existence is now generally rested upon evidence of a 
different nature. The compounds of amrftoniuui are always 
strictly isomorphous with the corresponding^Jiiipounds of po- 
tassium. 

Chloride of ammonium^ hydrochlorat^ or muriate of ammonia^ 
sal ammoniaCy N H 4 , Cl. — This salt is formed when ammonia 
is neutralized by hydrochloriQ acid ; N H 3 and H Cl = N H 4 , Cl. 
It is prepared in large quantity from the ammoniacal liquor 
obtained in the distillation of bones, in the manufacture of 
animal charcoal, and from &ie liquor which condenses in the 
distillation of coal for g&ti. These liquors contain ammonia 
principally in the state of carbonate and hydrosulphuret, which 
may be converted into chloride of ammonium by the addition 
of hydrochloric acid. The salt is purified by crystallization, and 
sublimed in ves^s of iron or earthenware, in the upper part of 
which it condenses and forms a solid cake,^ the condition in 
which sal ammoniac is^always met with in commerce. 

Sal ammoniac is &nacious and difficult to reduce to powder ; 
its sp. gr. is 1.45. It has a sharp and acrid taste, and dissolves 
in 2.72 parts of cold, and in an equal weight of boiling water ;it 
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is ako soluble in alcohoL It generally crystallizes from solution 
in feathery crystals^ which are fofmed of rows of minute octo* 
hedrons attached by their extremities. 

A corresponding bromide^ iodide and fluoride of ammonium 
may be formed by neutralizing ammonia with ^hydrobromic, 
hydriodic an^ hydrofluoric acids. ^ ' 

Suiphurets of ammonium . — When 4 volumes of ammonia 
combine with 2 of sulphuretted ^hydrogen, the sulphuret of 
ammonium is produced ; N Hg and H S N S. Ammo- 
nium combines with sulpbar in several other proportions, which 
are obtained on mixing and distilling the various degrees of 
sulphuration of potassium with sal ammoniac. In the reciprocal 
decomposition which ofecurs, the potassium combines simply 
with chlorine, and the ammonium with sulphur. The following 
compounds are generally enumerated : N S ; N H 4 , S -h H S ; 
N 114,83 and NH 4 ,'S 5 . ' The protosulphuret has long been 
formed by distilling a mixture of quicklime^ sulphur and sal 
ammoniac, and known under the name of the fuming liquor of 
Boyle. It is a volatile liquid, the vapour of which is decom- 
posed by oxygen, and thus fumes produced. ' The second 
compoun^ynich is a hydrosulphuret of the sulphuret of am- 
monium, is formed by transmitting sulphuretted hydrogen 
through solution of ammonia to saturation. This liquid is 
generally cafietHil® hydrosulphuret of ammonia, and is the form 
in which ^ulphure?fed hydrogen is most frequently used as a 
reagents All the sulphqrets of ammonium are soluble in water 
and alcohol without decomposition. 

Nitrate of ammoniunii N H 4 O, O 5 .— When nitric acid is 
saturated with* ammonia, a salt is obtained which crystallizes in 
six-sided prisms, and is isomorphous with nitrate of potash. 
Besides the elements of nitric aeii and ammonia, this salt con- 
tains an atom of water which cannot be separated from it, which 
is also found in, and is ^equally essential to the salts formed by 
neutralizing all other oxygen acids by ammonia, such as sulphu- 
rous acid, sulphuric, carbonic, &c., in contact with water. The 
hydrogen of this water is assigned to the ammonia, to form 
ammouium, wbiq^ the 03y^gen converts into oxide of ammo- 
nium ; so that the^ product is nitrate of the oxide of ammo- 
nium ; or N H 3 and H O, N Og = N H 4 0, N O 5 . This salt 
deflagrates with flame, when thrown upon red hot coals. When 
decomposed between 3 and 400®, it is resolved into water and 
nitrous oxide (page 283). 
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Carbonates of ammonium, — ^The neutrtil carbonate of oxide of 
ammonium appears not to exii|t in a free state, but by distilling 
the sesquicarbonate of ammonia of the shops, by a gentle heat. 
Rose obtained a volatile crystalline ^salt, which may be viewed 
as a compouRd of carbonate of ammonia with carbonate of 
ammonium : N Hg, C H4 O, C Oj. When the commer- 

cial salt is exposed to the air^ it loses its pungent odour, and a 
white friable mass remains, .which is the bicarbonate of am- 
monium, or carbonate of water and oxide of ammonium : 
H O, C O2 4* N H4 O, C Oj. This is ta stable jsalt, and may ha 
dissolved and crystallized without change. 

The sesquicarbonate of ammonia of the shops is a crystalline 
transparent mass, which Rose finds to “have generally, but not 
always, the composition assigned to it by Mr. Phillips, or to 
contain 3CO2 with 2NH3 and 2HO. Rose is disposed to 
consider it a compound of carbonate of ammonia and bicarbonate 
of oxide of ammonium, or N HgC O2 4 - (H O, C O2 4- N H4O, C O2). 
Mr. Scanlau has jshown that a small quantity of water dissolves 
out the carbonate from this salt, and leaves the bicarbonate, 
which is the least soluble. This observation does not prove 
the commercial salt to be a mechanical mixture of \he two salts 
derived from it, as many undoubted compounds of two salts 
are decomposed by water, when one of the Sonstitueat salts is 
much more soluble than the other. Another was obtained 
by Rose, in well formed crystals, of whldu the ammonia and 
carbonic acid are in the proportions of the sesquicarbonate, but 
with three additional atoms of water. No less than twelve 
different carbonates of ammoqia are described by that chemist, 
(Scientific Memoirs, ii, 98 ). 

Sulphate of ammoniup.^ N H4 O, S O3 + H 0 .~This is a highly 
soluble salt, which possesses an atom of water of crystallization, 
in addition to the atom which is . essential to its constitution. 
The salt may be deprived of fhe formei^by a gentle heat. 

It is to be observed that salts of this class are still generally 
named as salts of ammonia, although admitted to contain ammo- 
nium. *• 

Compounds of ammonia and metallic sal tSySupposed to resemble 
the ammonium compouTidSn — ^The whole or a portion of the am- 
monia absorbed by ^certain anhydrous salts is retained with 
great force, and cannot be separated from them by heat. An- 
hydrous chloride of copper, for instance, absorbs a single equi- 
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valent of ammonia withP the greatest avidity, and forms a green 
fusible matter, which the close _ analogy between copper and 
hydrogen would lead us to view as analogous in constitution to 
the compound formed by chloride of hydrogen andrummonia, or 
chloride of ammonium. It will, therefore, be fepresented as 
composed of chlorine united with ammonium, containing an 
atom of copper, in place of the fourth atom of hydrogen, or as 
N H 3 Cu, Cl, which may l)e calle4 chloride of cuprammonium. 
The sulphate of copper, in like manner, retains half an equiva- 
lent of ammonia with greatt force, and forms a compound which 
may be represented as sulphate of copper combined with sul- 
phate of cuprammonium : 

Cu O, S ©3 + (N H 3 Cu O +S O3), 

which is analogous to the double sulphate of copper and am- 
inonium : 

CuO,so3+{n 140+803). 

Chloride of mercury forms a similar compound with Ixalf an 
equivalent of ammonia : 

Hg Cl + Nils Hg,Cl 

analogous sal alembroth, or the compound of chloride of 
mercury and sSh^^noniac : 

• HgCl+NH4,Cl. 

c 

A different view of these and the other ammonium compounds 
is advocated by Dr, Kane. Sal ammoniac is considered by 
him as a species of double salt, as amide of hydrogen with 
chloride of hydrogen, H Ad + H Cl ; and the salt I have named, 
chloride of cuprammonium, as a corresponding amide of hydro- 
gen with chloride of copper, H Ad^ CuCl. We agree in sup- 
posing these two salts t<t have the same constitution, but differ 
as to what that constitution is. To adapt the same expla- 
nation to the oxygen acid compounds, such as sulphate 
of ammoniuni. Dr. Kane assimilates them to the salts of the 
magnesian class^ which * contain two equivalents of oxide. 
Adopting the hypothesis that two atoms of that class (in which 
water is included) are equivalent in combination to one of the 
potash class, he views sulphate of copper, possessing what I 
term its atom of constitutional water, as a compound of sid- 
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phuric add with a base, which consists of an atom of oxide of 
copper and an atom of water, and represents it thus : 

Sulphate of copper . . Cu O, H O + S O3 ; 

to which he assimilates the 

Sulphate of ammonium . Ad H, H O -f S O,. 

The hypothesis of the equiyalency of two atoms of the mag- 
nesian and one of the potash class, has received new support 
from Dr. Kane^s researches ; but it ts still (in my opinion) 
too doubtful to form a safe basis for any theoretical super- 
structure. At the same time, this hypothesis has enabled 
Dr. Kane to develope many new and interesting relations 
among the ammoniacal compounds, and may, perhaps, pre- 
sent a closer and more distinct view of the intimate con- 
stitution of these bodies, than the ammoniilm theory exhibits. 
At present, however, our theories bf the constitution of com- 
pounds are too uncertain to be regarded otherwise than as 
artificial aids to facilitate our conception of the manner in 
which the formation of .^hese bodies occurs, and of the trans- 
formations which they undergo; and a theory of Constitution 
is, therefore^ adopted more for its convenience thaiTits truth. 
This state of things leads to the retention of the ammonium 
theory, which has introduced a degree of simplicity* into our 
views of that particular class of ammoniaodf compounds to 
which it is applicable, that could not easily be exceeded. But 
its adoption must not be allowed to preclude the considera- 
tion of other theories, such as that of Dr. Kane, which facilitate 
investigations in the meantime,* 'and may . prove ih be truer to 
nature in the end. 

SBCl*ION IV 

m 

HYDROGEN AND PHOSPHORUS. 

Solid hydimret oXphosphoiiis*^MagnuH forms a phosphuret 
of potassium, by fuling phosphorus and potassium under naph- 
tha. When this compound is thrown nnto wat^, a compound 
of phosphorus and hy(Jyo§en precipitates in the form of a yellow 
powder. It contains less hydrogen than the following com- 
pound. 


£ E 
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T?ho»phuretted hydragm gas^ P H3. — ^This gas, which is re- 
markable for its occasional spontaneous inflammability in air, 
was discovered by Gengembre in 1 783, and has been succes- 
sively investigated by several ^chemists 5 but itj true nature 
was first ascertained by Rose, who proved it to be a compound 
analogous in constitution to ammoniacal gas, having phosphorus 
in the place of nitrogen. The pure gas is obtained by heating 
hydrated phosphorous acid, which is resolved into phosphuretted 
hydrogen and hydrated phosphoric acid ; thus, 

4(3HO + P03yor 12H(Jand 4P03= PH, andDHO + SPOg. 

This gas does not inflame spontaneously when allowed to 
escape into air, but kindles when a light is applied to it, and 
burns with the white flame of phosphorus. A little air added 
to the gas, which had no effect at first, has been observed to 
produce occasionally an explosion after a time. The gas 
consists of 1 volume of phosphorus vapour and 6 volumes 
of hydrogen, condensed into 4 volumes, so that it has the same 
combining measure as ammoniacal gas. Its density is 1185. 
Phosphuretted hydrogen has a disagreeable alliaceous odour, is 
but tslighfly soluble in water, and has no alkaline reaction. 

The same gas, in a self-inflammable state, is obtained by 
boiling phosphorus, lime and water together. The first effect is 
the formation hypophosphite of lime, with the evolution of 
phosphuretted hydirpgen gas : 

4P and 3CaO and 3H O = P H3 and 3CaO-f3PO ; 

and phosphifretted hydrogen is again evolved, but mixed with 
a considerable quantity of free hydrogen, when the hydrated 
hypophosphite of lime is evaporated to dryness, phosphate of 
lime being the residuary product. ^The self-inflammability of this 
gas must depend upon«something extraneous. Rose has shown 
that the gas, after being passed through a long tube containing 
chloride of calcium, to dry it thoroughly, retains this property, 
for days, and undergoes no change in cqmposition, whether 
kept in obscurity or exposed to sunshine,* and, therefore, rejects 
the theory of Leverrier,t that thg property in question is 

* Liebig’ft Annalen der Pharmacie, v. 30, p 320. (1839.) 

t An, lie Ch. et dePh. t. 00, p. 174. 
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due to another gaseous compound of phosphorus and hydrogen, 
present in small qu«v|tity, and supposed to be decom- 
posed by light, and to deposit a solid hydruret P + II, while the 
gas ceases to be self-inflammable. Jt was bbserved by myself,^" 
that the prestfice of phosphorus vapour does not communicate 
spontaneous inflammability to the gas prepared from phospho- 
rous acid j that the gas from hydrate of lime and phosphorus 
is deprived of this property by porous absorbents, such as 
charcoal, by phosphoric acid, and by a most minute quantity of 
several combustible bodies, such as potassiun\, the vapours of 
ether and essential oils ; and that the property was communi- 
cated to the gas of either process, by the addition of a most 
minute quantity of the vapour of perokide of nitrogen or of 
nitrous acid, varying from 1- 1000th to 1 -10,000th of the volume 
of the gas. The hydrogen gas which first comes off on making 
an addition of sulphuric acid to the gas bottle with zinc (page? 
25 7)i sometimes contains enough* of peroxide of nitrogen, to 
impart spontaneous inflammability to phosphuretted hydrogen, 
to which it may be added. The self-inflammable gas from 
phosphorus and hydrate of lime cannot contain peroxide of 
nitrogen, but it might be imagined to possess a tface.of a cor- 
responding compound of phosphorus and oxygen, if such a 
compound exists. * 

Phosphuretted hydrogen decomposes some npi.«tellic solutions, 
such as those of copper and mercury, and forms metallic phos- 
phurets. When the gas is pure, it is entirely alisorbed by sul- 
phate of copper and by chloride of lime. With hydriodic acid, 
phosphuretted hydrogen forms^a crystalline compound, which is 
interesting from its analogy to s’al ammoniac. It may be formed 
by mixing together its constituent gases over mercury ; or more 
easily by introducing into a small tubulated retort, a mixture of 
60 parts ^f iodine, 15 of phosphorus finely granulated, and mix- 
ing these bodies intimately with pounded glass ; 8 or 9 parts of 
water are then added to the mixture, and the vapours which 
immediately come oflf are allowed to escape by a glass tube oj>cn 
at both ends, ada^d to the beak of the retort, it which beau- 
tiful small crystals of the salt condense, of a diamond lustre. 
Rose has lately observed,that these crystals, contrary to what is 
generally supposed, db not belong to the regular system, and 


♦ Phil. Mng. 3rd Series, vol. .'i, p. 401. 
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are, therefore, not isofhorphous with sal ammoniac. They are 
decomposed by water, with evpfcition of phosphuretted hy- 
drogen. 

Phosphuretted hydrogen^ like ammonia, combines with the 
perchlorides of ti^, titanium, chromium, iron, and antimony, 
forming white saline bodies. The combination with bichloride 
of tin is decomposed, with escape of the gas in the non-in- 
flammable state, by water, and in the self-inflammable condition 
by solution of ammonia. 


CHAPTER III. 

COMPOUNDS OF CARBON. 

c 

SECTION 1. 

CARBON AND HYDROGEN. 

Light carburetted hydrogen^ C Hg. — ^This gas is a constant 
product of the putrefactive decomposition of wood and other 
compound of carbon, under water, and is most readily obtained 
by stirring the mud at the bottom of stagnant pools, and col - 
lecting the gas as it Vis^es in an inverted bottle and funnel. It 
always contains 10 or 20 per cent of carbonic acid, which may 
be separated from it by lime-water, and a small proportion of 
nitrogen. Carburetted hydrogen also issues, in some places, in 
considerable quantities from fissures in the earth, coming often 
from subterraneous deposits of coal ; and in the working of coal 
mines, it is found pent up in cavities, and would appear some- 
times to be dischargedi from thd fresh surface of the coal in 
sensible quantity. Hence, this gas is sometimes described as 
the inflammable air of marshes, and the fire-damp of mines. 
It is the most considerable constituent of c6al gas, and of the 
gaseous mixture obtained on passing the vapour of alcohol 
through an ignite^d porcelain tube, bqt no artificial process is 
known to afford (his gas in a state of purity. 

The d^sity of light carburetted hydrogen is 559.5, and 1 
volume of it contains 1 vol. of carbon vapour, and 2 vols. of 
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hydrogen ; but the combining measure and equivalent of this 
compound are unknown. It is inodorous, neutral, respirable 
when mixed with air, not more soluble in water than pure 
hydrogen, and has never beenliqu^ed. Carburetted hydrogen 
requires twic^ its bulk of oxygen to burn it completely, and 
affords water and an equal bulk of carbonic ackl. In air it 
burns, when lighted, with a strong yellow flame. It is a com- 
pound of considerable stability, but is decomposed in part 
when sent through a tube heated to whiteness, and resolved 
into carbon and hydrogen. This gas^is not affected in the dark 
by chlorine, but when the mixture of these gases, in a moist 
state, is exposed to light, carbonic and hydrochloric acid gases 
are produced. 

Although instantly kindled by flame, carburetted hydrogen 
requires a high temperature to ignite^ it.. Hydrogen, sulphu- 
retted hydrogen, and olefiant gas are all ignited by a glass rofi 
heated to low redness, but glass* must be heated to bright red- 
ness or to whiteness, to inflame carburetted hydrogen. Sir H. 
Davy discovered that flame could not be communicated to an 
explosive mixture of carburetted hydrogen and air, through a 
narrow tubtf, because the cooling influence of the sides qf the tube 
prevented the gaseous mixture contained in it from ever rising 
to the high temperature of ignition, A idetallic tube lias a 
greater cooling property, from its high condjieting power, and 
consequently obstructs to a greater degree the passage of flame, 
than a similar tube of glass ; and evei\ tlie meshes of metallic 
wire-gauze, when they did not exceed a certain magnitude, were 
foimd to be impermeable by flame. Experiments of this kind 
may be made upon coal-gas, the flame of which will be found 
incapable of passing tljrough a sheet of iron-wire trellis, con- 
taining not less than 400 hofes in the square inch. If the gas 
be allowed to pass through- the trellis, and kindled above it, the 
flame, it will be found, does dot return through the apertures to 
the jet whence the gas issues. Upon these observations. Sir 
H. Davy founded his invaluable invention of the safety lamp, 
an instrument inflispensable to the safe working of the most 
extensive and valuable of our coal fields. 

The safety lamp, as left by Davy, is simpjy an oil lamp, in- 
closed in a cage of wire-gauze, the upper part of which is dou- 
ble, (Fig. 43.) Mr. Buddie uses iron-wire gauze for the lamp, 
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Fm. 43. containing *from 784 to 800 holes in the square 
inch. A crooked wire, which works tightly in a 
narrow tube passing upwards through the body 
of the lampj ^ifords the means of trimming the 
wick, without undoing the wire-g3uze cover of 
•the lamp. When the lamp is carried into an 
atmosphere charged with fire-damp, a blue flame 
is observed within the gauze cylinder, from the 
combustion of the gas, and the flame in the centre 
of the lamp* may be extinguished. The miner 
should 'then withdraw, for although the gauze has 
often been observed to become red-hot, without 
iiiflaming the external explosive atmosphere, yet 
the texture of the gauze may be destroyed, if 
retained long at so high a temperature. It has 
always \)een known,’ since this lamp was first pro- 
posed, that when it is exposed to a strong cur- 
rent of the explosive mixture, the flame may pass too quickly 
through the apertures of the gauze to be cooled below the point 
of ignition, and, therefore, communicate with the external atmo- 
spherp. tBnit this is easily prevented by protecting the lamp 
from the draught, and an accident from this cause is not likely 
to occur ii\ a coal mine.* • 

Carburetted hytlrogen does not explode when mixed with air 
in a proportion nmcli above or below the quantity necessary for 
its complete combustion. With 3 or 4 times its volume of air 
it does not explode at all, with 5^ or 6 volumes of air it detonates 
feebly, and with 7 to 8 most powerfully. With 14 volumes of 
air, the mixture is still explosive, but with larger proportions of 
air, the gas only burns about the flame qf the taper. The large 
quantity of air which is then mixed with the gas, absorbs so 
much heat as to prevent the temperature of the gaseous atmo- 
sphere from rising to the point of Ignition. 

Coal gas . — ^The products of the distillation of coal in an iron 
retort are of three kinds : a black oily liquid, of a heteroge- 
nous nature, known as coal-tar, of which a' considerable con- - 
stituent, according to AJ. Dumas, is benzin \ a watery fluid, 

* For additional infofmation respecting the safety lamp, the reader is referred to 
Davy's Essay on Flame, to Dr. Paris’s Life and Dr. J. Davy’s Life of Sir H, Davy, 
und to the Report of the Parliamentary Committee on accidents in mines, 1835. 
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known as the ammoniacal liquor, and the elastic fluids which 
form coal gas. To purify the ^as, it is cooled by transmitting 
it through iron tubes or shallow boxes, in which it deposits some 
condensible matter ; and it is -aftepYards "exposed to milk of 
lime, to absfbrb sulphuretted hydrogen, which it invariably 
contains, and frequently afterwards to solution of* sulphate of 
iron, whiqh arrests a little hydrosulphuret of ammonia and a 
trace of hydrocyanic acid. ^Jlie hydrate of lime is sometimes 
applied in the state of a damp powder, and not diffused through 
water. 

Dr. Henry obtained the following results from an examination 
of the gas from the best cannel coal, at different periods of the 
distillation : * 


COAL GAS IN 100 VOLUMES. 

• • 



Density. 

Oleliant 

gas. 

Cafburetted 

hydrogen. 

1 ■ 

Carbonic 

oxide. 

Hydrogen. 

Nitrogen. 

At beginning of 
process . . . 

(>50 

13 

82.5 

3.2 

0 

1.3 

After five hours 

500 

7 

56 

11 

21.3 

4.7 

After ten hours 

3^15 

0 

20 

10 . 

\q , 

.'0 


Besides the constituents mentioned, coal gas when*first made, 
contains small quantities of 

Ammonia, Hydrocyanic acid, 

Sulphuretted hydrogen, Sulphuret of carbon. 

Carbonic acid. Naphtha vapoui;.* 

All of these bodies are separated from it in the process of 
purification, except the two lakt, namely, naphtha vapour, which 
is the chief cause of the odour of coal gas, and sulphuret of 
carbon, which affords a littlcf sulphurojis acid when the gas is 
burned. The heterogenous nature of the gaseous mixture is well 
shown upon introducing a quantity of dry iodine into a bottle 
of it, when seve^jl liquid and solid compounds of iodine are 
formed with the different hydrocarburets present. Iodine, on 
the other hand, is not affected in thi slightest degree by fire- 

* Dr, Henry’s papers on coal gas are contained in the Phil. Trans, for 1808, 
^820, and 1824 ; liis instructions for the analysis of mixed gases, in’his Eletucuts 
of Experimental Chemistry (18211), vol. 2, p. 517. 
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damp^ but remains with its metallic lustre unchanged in that 
gas. Indeed^ in the ordinary fi^e damp no other combustible 
gas whatever can be found, besides light carburetted hydrogen. 

The superiority of coal gas, in illuminating power, depends 
principally upon the high proportion of olefiantf gas and the 
denser hyd^ocarburets which it contains. The free hydrogen 
and carbonic oxide present give no light, and are positively inju- 
rious. As the highly illuminating constituents are dense, and 
contain much carbon, the value of coal gas is to a certain extent 
proportional to its density^ and to the quantity of oxygen which 
it requires for coiiH)lete combustion. In the analysis of coal 
gas, the different gases may thus be separated : 1st. Olefiant 
gas, naphtha vapour, afid similar hydrocarburets, by mixing the 
gas, in a dark place, with half its bulk of chlorine, and afterwards 
washing witli caustic,potash ; 2ndly, carbonic oxide by potassium 
gently heated in the gas ; Srdly, the proportion of light carbu- 
retted hydrogen may be determined by detonating the mixture 
in a eudiometer (page 2/8), with a measured quantity of oxygen, 
and ascertaining the quantity of carbonic acid formed, which 
retains the volume of the carburetted hydrogen ; 4thly, the free 
hydrogen, bj^ observing the quantity of oxygen remaining, by 
means of a stick of phosphorus introduced into the gas, and 
thereby ascertainiiig the quantity of oxygen consumed in the 
combustion ; from this quantity deduct twice the measure of 
the carburetted liydrogen, and half the remaining measure of 
consumed oxygai represents the hydrogen ; 5thly, the residuary 
gas after these processes is the nitrogen of the coal gas. 

Structure of flame. — The quantity of light obtained from the 
combustion of coal gas depends entirely upon the manner in 
which it is burned, which will appear from the consideration of 


the structure of luminous flames. The flame of a spirit lamp, 
candle, or gas-jet is hollow, as may be observed by depressing a 


Fig 44 .trellis upbn it, which gives a section of 

* the flame ; the seat of the combustion being the mar- 
yi. of ^he flame, where alone the combustible vapour 

yM \ is in contact with the air. Of volatile carbonaceous 
// 'll ^ combustibles, the flame consists of three parts, which 
l( A L-a are r4)resente(i in section, (Fjg. 44.) : ^ 

A, cone of vaporized combastible. 

B, sphere of partial combustion. 

C, sphere of complete combustion. 
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In B, where the supply of air is insufficlient for complete com- 
bustion, it is the hydrogen prii^cipaliy which burns, tlie carbon 
being liberated in solid particles, which are heated white-hot 
from the combustion of that gas.» T^e sphere B, indeed, is the 
luminous portion of the flame, for the light depends entirely 
upon the deposition of ciwbon, arising from the consecutive 
combu8tio|^ of the two elements of the vapour. Gaseous bodies, 
however strongly heated, emit 50 light, or at most, not more than 
a sensible glow, and luminous flame has justly been described by 
Davy as always containing solid matter heated to whiteness. 
The same sphere of the flame, possessing an excess of combus- 
tible matter at a high temperature, takes oxygen from metallic 
oxides, such as arsenious acid, placed in it, and developes their 
metals. It is, therefore, often referred to as the deoxidizing or 
reducing flame. In the external hollow cone, C, the deposited 
carbon meets with oxygen, and is entirely consumed. The 
hottest point in the whole flame if within this sphere, near the 
summit of B. This part of the flame, possessing an excess of 
oxygen, at a high temperature, is the proper place for kindling 
a combustible, and is called the oxidizing flame ; its properties 
are the opposite of those of B. 

When coal gas is mingled with an equal, bulk of iur before 
being burned, it is found to lose half its illumiflating po vrer. It 
may be conveniently mixed with a quantity of air sufficient for 
its complete combustion, by plating over an argand burner, a 
brass chimney of 5 inches in height, ])roVided with a cap of 
wire gauze when kindled above the wire-gauze, the gas burns 
with a blue flame, not more luminous than that of sulphur. 
The flame is so feebly luminous because no deposition of carbon 
occurs in it. The quantity of heat is the same, whether the 
gas is burned so as to product muck or little light ; and where 
the gas is burned for heat^ ^his mode of combustion has the 
advantage of giving a flame without smqke. The heat derived 
from coal gas burned in this manner is not, however, so intense 
as that of an argand spirit lamp. According to my own expe- 
rience, the highest^temperature is obtained from coal gas, when 
burned from that form of the argand recentlj^ introduced, in 
iwhich the burner rises .through a trilncated brass cone. A 
timgential current of mr is thus occasioned, which sweeps the 
inter surface of the flame, and produces a perfect combustion. 
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The burner should be provided besides vrith a metallic chimney 
of four inches in height, without the wire gauze.* 

A result of the circumstances which determine the quantity of 
light from different flames is, that the larger the flame till it begins 
to be smoky, the greater the proportion of light obtained from the 
consumption^ of the same quantity of gas. It was observed that 
an argand burner, supplied with cubic feet of gas pe^our, gave 
as much light as a single candle; wth 2 cubic feet per hour the 
light was equal to 4 candles,* and with 3 cubic feet to 10 can- 
sdles. Hence argands, bat-wings and other burners, in which a 
considerable quantity of gas is burned together, are more econo- 
mical than plain jets. The brightness of ordinary flame, which 
depends essentially upon the consecutive combustion of hydro- 
gen and carbon, is increased by everything which promotes the 
rapidity and intensity of the combustion, without deranging the 
•order of oxidation, faucH as a rapid supply of air, and the substi- 
tution of pure oxygen for ait, as in Mr. Gurney’s Bude light. 
Not only is there then more light, because there is more com- 
bustion in the same time, but the temperature of the flame 
being greater, the luminous carbon is also heated to a higher 
degree of whiteness. 

Olefiant gas, C 4 or C 4 Hg, H.— This gas was discovered in 
1796, by certain ‘'associated Dutch chemists, who gave it the 
name of olefiant gas, because it forms with.chlorine a compound, 
having the appearance of an oil, from which the chlorides of 
carbon were afterwards derived (page 375.) This gas is pre- 
pared by heating togetW 1 measure of strong alcohol with 3 
measures of oil of vitriol, in a capacious retort, till the liquid 
becomes blade and effervescence begins, and maintaining it at 
that particular temperature. It is collected over water, which 
deprives it of a portion of ether vapour and sulphurous add, 
with which it is accompanied. Olefiant gas bums with a white 
flame, end contains a large quantity of combustible matter in a 
given volume. It consists of 8 volumes of carbon vapour and 
8 of hydrogen, condensed into 4 volumes, which §^ves for its 
density 981. It is now viewed as a compojand of the organic 
radical acetyl with hydrogen, which is expressed in the rational 
formula stated above. Several other cpmpounds of carbon and 

* The form of argand recommended is known as* the patent double-cone gas 
burner. 
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hydrogen exist, but they will be studied* with most advantage 
under organic chemistry, to which they properly belong. 


SECTION IL 
CARBON AND SULPHUR, 

Bisulphuret of carbon^ C Sg.— •Charcoal ignited in an atmo- 
sphere of sulphur vapour, combines twith that element, and 
forms a compound wMch holds the same place*in the sulphur 
series that carbonic acid occupies in the oxygen series of com- 
pounds, The bisulphuret of carbon is ^a volatile liquid, and 
may be prepared by distilling, in a porcelain retort, yellow 
pyrites or bisulphuret of iron, with a fourth of its weight of 
well-dried charcoal, both in the state oT fine powder and inti- < 
mately mixed. The vapour from the retort is conducted to the 
bottom of a bottle filled with cold water, to condense it. Or 
sulphur vapour may be senti over fragments of well dried char- 
coal in a porcelain or cast iron (not malleable iron) tube, placed 
across a furnace. The product is generally of a yettow colour, 
and contains sulphur in solution, to free it from tThich *it is 
redistilled in a glass retort, by a gentle heat. 

The bisulphuret of carbon is a colourless liquid, of high re- 
fracting power, and sp, gr. 1.272. Its vapour has a tension of 
7.38 Paris inches (Marx) at 50", and the liq^d boils at 110"; a 
cold of ~80® can be produced by its evaporation in vacuo. 
This compound is extremely combustible, taking fire at a tem- 
perature which scarcely exceeds* the boiling poin^ of mercury. 
When a few drops of the liquid are thrown into a bottle of 
oxygen gas, or nitric oxide, a* combustible mixture is formed, 
which bums, when a light is. applied to it, with a brilliant flash 
of fliame, but without a violent explosiop. The bisulphuret of 
carbon is insoluble in water, but it is soluble in alcohol. It 
dissolves sulphur, phosphorusT and iodine. 

The bisulphuret <iqf carbon is a sulphur acid, and combines 
with sulphur bases, such as the sulphuret of potassium, forming 
a class of salts which are called suljJhocarboiihtes. Oxygen 
bases dissolve it slowly, and are converted ftito a mixture of 
iprbonate and sulphocarbonate j thus 2 equivalents pf potash 
with 1 of bisulphuret of carbon yield 2 equivalents of sulphuret 
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of potassium and 1 of carbonic acid, which combine respectively 
wi& bisulphuret of carbon and potash. 

Solid mdphiret of carbon.— -Tha charcoal left in the tube, 
after the process for the ^former compound, is much corroded, 
and contains a portion of sulphur which canftot be expelled 
iirom it by. heat. Berzelius is disposed to consider this sulphur 
as in chemical combination with the carbon. 

SECTION III. 

CARBON AND NITROGEN. 

Bkarburet of nitrogen^ or cyanogen^ N Cj. — ^This compound 
is a gas, which was first obtained by Gay-Lussac in 1815. It 
is prepared by heating the cyanide of mercury in a small glass 
retort, and is collected at the mercurial trough. The cyanide is 
resolved into running ipercury and cyanogen gas, and frequently 
’ leaves a black coaly mass in the retort, which Professor John- 
ston has shown to consist o^ carbon and nitrogen, in the same 
proportions as the gas itself. 

Cyanogen gas contains 4 voluifitts of carbon vapour and 2 
volumes of nitrogen, condensed into 2 volumes \ its density is 
J81J. cA^jlien this gas is exploded with twice its volume of 
oxygen, it affords 2 volumes of carbonic acid gas, and 1 volume 
of nitrogen, an experiment from which its composition may be 
deduced. Water at 60® absorbs 4.5 times its volume of this 
gas, and alcohol 23 volumes. By a pressure of 3.6 atmospheres 
at 45®, cyanogen is co?idensed into a limpid liquid, which eva- 
porates again on removal of the pressure. Cyanogen burns 
with a beautiful purple flame in air or oxygen. The solution of 
cyanogen in water undergoes spontaneous decomposition. By 
alkalies the gas is absorbed, and a cyanide and cyanate formed. 

Cyanogen is a salt-radical, an4 unites with all the metals, as 
chlorine and iodine do, forming* a class of cyanides. It also 
forms a hydrogen acid, namely/' prussic or hydrocyanic acid. 
Cyanogen properly belongs to organic chemistry, in which de- 
partment its numerous combinations will be considered. 

Mellon, N4 Cg.—This \b another salt-radicfi, and was formed 
by Liebig by Ideating tl^jte bisulphuret of cyanogen to redness, 
when it is resolyed into sulphur, bisulphuret of carbon, and 
mellon. It is a lemon yellow powder. Insoluble in water and 
alcohoL *It imites directly with hydrogen and with potassiuni| 
forming hydromellonic acid and mellonide of potassiuni. 
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CHAPTER IV. 

COMPOUNDS OF PHOSPHORUS. 

Sulphuret of phosphorus . — Phosphorus and sulphur unite in all 
proportions, with the evolution of much heat, and sometimes 
with explosion. These elements are most safeh^ united under 
hot water, of which the temperature, however, must not exceed 
160**, for otherwise sulphuretted hydrogen and phosphoric acid 
may be produced with such rapidity as to‘ occasion an explosion. 
The cctapounds of phosphorus and sulphur obtained in this 
manner appear not to be definite. They are more fusible and 
more inflammable than phosphorus itself. • Levol has shown 
that they often contain a little of th% persulphuret of hydrogen.* 
Scrullas appears to have formed a definite sulphuret of phos- 
phorus, by acting upon the liquid terchloride of phosphorus by 
sulphuretted hydrogen. Hydrochloric acid was evolved, and a 
solid amorphous body, of a lemon-yellow colour remained, which 
was a tersulphuret of phosphorus, corresponding |Jhos- 
phorous acid. Berzelius ascertained that the sulpliurets of 
phosphorus combine with sulphur bases, and produbo colour- 
less salts ; but he did not carry the investigation beyond that 
point. 

Phosphuret of nitrogen^ Nj P. — Both the chlorides of phos- 
phorus absorb ammoniacal gas, and form solid white com- 
pounds. The ccmbination of the terchloride confeins 2\ equi- 
valents of ammonia, but that of the perchloride, Rose did not 
find equally definite. ^Vhelf exposed to a strong red heat, 
without access of oxygen, these compounds leave a white amor- 
phous body, which is the phosphuret of jnitrogen.f It is most 
easily prepared by transmitting a stream of dry carbonic acid 
gas over the ammoniacal compound, in a tube of hard glass, 
heated by a charco^ fire, so long as vapours of sal ammoniac 
sublime. 

The phosphuret of nittogen is not soluble in any menstruum, 
nor acted upon by diltite acid or alkaline sofutions. It is not 

^ de Ch. et de Ph. t. 67, p. 332. 


t Rose, Ib* t. 54, p« 275. 
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affected wlien heated tn an atmosphere of chlorine or sulphur, 
but is decomposed when heated^ in hydrogen, with the formation 
of ammoniacal gas. The want of volatility and indifference to 
most chemical reagents, which, characterize this compound, are 
properties that could not Iiave been anticipated»in a compound 
ofphosphqrus and nitrogen. 



CHAPTER V. 

METALLIC ELEMENTS. 

GENERAL OBSERVATIONS. 

The metallic class of elements is qpnsideAbly more numerous 
than the non^etallic class, embracing forty-two elementary bo- 
dies. Of these, seven only were knowh to the ancients, and of the 
remainder, a large proportion are of recent discovery. Their 
names and their densities, when accurately determined, with 
the dates and authors of their discovery, are contained in the 
following table, compiled from the work of Dr. Turner : — 

TABLE OF METALS. 


Name. 

l>enaity. 

— ir 

T>ate(i and Authors of tho Discovery. 

Gold . ^ . 

19.257, Bi^isson . ^ 


Silver . . 

10.474, ditto 


Iron . . . 

7.788, ditto , [ 

* 

Copper . . 

8.89,5, Hatchett . ? 

Known to the Ancients. 

Mercury . . 

13.r)6'8, Brisson . j 


Lead . . . 

11.352, ditto 


Tin . . . 

7.291, ditto . 


Antimony . 

6 702, ditto 

1490, Described by Basil Valentine. 

Bismuth , . 

9.822, ditto 

1530, Described by Agricola. 

Zinc . • . 

6.861 to 7.1, ditto 

16th century, first mentioned by Paracelsus. 

Arsenic . . 
Cobalt • . 

5.884, Turner . "1 
8.538, HaOy . J 

1 733, Brandt. 

Platinum 

20.98, Brisson 

1741, Wood, assay-master, Jamaica. 

Nickel . . 

8.279, Richter 

1751, Cronstedt. • 

Manganese . 
Tungsten 

6.8.50, Bergman , 

1774, Gahn and Scheele.. 

17.6. D’EJhuyart 

1781, D’Elhuvart. 

Tellurium . 

6.115, Klaproth . 

1782, Mailer. . 

Molybdenum 

7.400, Hielin 

1782, Hielm. 

Uranium. . 

9.000, Bucholz . 

1789, Klaproth. 

Titanium 

5.3, Wollaston 

1791, Gregor. 

Chromium . 

. . . 

1797, Vauquelin. 

Coltimbium . 


1802, Hatchett. 

Palladium . 
Rhodium 

11.3 tol 1.8, Wollaston 1 

1803, Wollaston. 

Iridiom . . 

* ? 1 

1803, Descotils and Smithson Tenn.int. 

Osmium . . 


1803, Smithson Tennant. 

Cerium . 

. •. 

1804, Hisinger and Berzelius. 

Potassium 

0.865/ Gay-Lussac 


Sodium . 

0.972 \ and Theuard 

* 

Barium . 
Strontium 

. > 

1807, Davy. 

Calcium . 
Cadmium 

8.604 JiVonicyer . 

1818, Stromeyer. 

Lithium . 

, 1818, Arfwtidson. j 

Zirconium 

Aluminum 


1824, Ber^lius. j 

Glucinum 
Yttrium . 
Thorium . 

; : \ 

1828, WShler. " 

; 1829, Berzelius, | 

Magnesium 


1829, Bussy. j 

Vanadium 

. . • • 

, 1830, Sefstrfim. 

Lantanum 

, . . . 

. 1839, Mosander. | 

— -v* 
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Of the physical properties of metals and their combinations 
with each other, the most chaiacteristic is their lustre and 
power to reflect much of the light which falls upon them, a 
property exhibited in a jjiigh degree by burnished steel, spec- 
ulum metal, and the reflecting surface of mefcmy in glass 
mirrors. Metals are also remarkable fpr their opacity, although 
they have a certain degree of transparency in a highly atten- 
uated state, as fine gold-leaf allows light of a green colour to 
pass through it. They are peculiarly the conductors of elec- 
tricity, and also* the best conductors of heat. The most dense 
substances in nature are found among the metals, gold, for in- 
stance, being upwards of nineteen, and platinum nearly twenty- 
one times heavier than an equal bulk of water. But some of 
the metals, notwithstanding, are very light, potassium and so- 
dium floating upon the surface of water. 

Certain metals possess a valuable property, malleability^ de- 
pending upon a high tenacity with a certain degree of soft- 
ness; particularly gold, silver, copper, tin^ platinum, palla- 
dium, cadmium, lead, zinc, iron, nickel, potassium, sodium, and 
solid mercuiy. These metals may all be hammered out into 
plates, 0 ¥ evm into thin leaves. In zinc this property is found 
in the highest degree between 300^ and 400®, and in iron at a 
degree of temperature exceeding a red heat. The same metals 
are likewise ductile j or may be drawn into wires, although the 
ductility of different .metals is not always proportional to their 
malleability, iron being* highly ductile, although it cannot be 
beaten into very thin leaves. By a peculiar method, Dr. Wol- 
laston formed gold wire so small that it was only l-5000th of 
an inch in diameter, and 550 feet of it were required to weigh 
one grain. He also obtained a wire* of platinum not more 
than 1-30, 000th of an inch in diampter*. The tenacity of differ- 
ent metals is determined by ascertaining the weight required 
to break wires of them having the same diameter. Iron ap- 
pears to possess that property in the greatest, and lead in the 
least degree. It has been observed by M. Baudrimont that the 
tenacity of wires of iron, copper, and brass is much injured by 
annealing themf. A ftw of the malleable metals can be 
welded^ or portions of them joined into one by hammering them 
together. .Pieces of iron or platinum may be united in this 


VhW. TufiM. 1813. 


t An.de Ch. et de Ph. t. CO, p. 78. 
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manner at a bright red heat, and jfragments of potassium may 
be made to adhere by pressing them together with the liand at 
the temperature of the air. Many metals are only malleable in 
a low degree, and some are actually brittfe, such as bismuth, 
antimony, and^arsenic. 

The metals, with the exception of mercury, are!" all solid at 
the temperature of the air, but they may be liquefied by heat. 
Their points of fusion are very different, as will appear from 
the following tabled : 


TABLE OP THE FUSIBILITY OP DIFFERENT METALS. 


Fusible below 
red heat. 


Fahr. 

^Mercury . • — 39® Different chemists. 

ssr” : ; ..a Tb,„ri. 

Tin . . . 442 1 

Bismuth . . 497 ^Cffehtoi!. 

Lead . . . 612 J 

Telliirimn — rather less fu- 
sible than lead. « Khiproth. 

Arsenic — undetermined. 

Zinc . . .773 Daniell. 

Antimony — a little below 
a red heat. 

VCadniium . . 442 Stromeyer. 

Silver . . 1873'! 

/Copper • . 1996 > Daniell. 

Gold . . . 2016 J 

Cobalt — rather less fusible 
than iron. 

Iron, cast . . 2786 Daniell. ^ 

Iron, malleable . . 1 Requiring the* highest heat of a smitlrs 

Manganese . . J forge. • 

Nickel — nearly the same as cobalt. 

Palladium. 


Infusible below a 
led heat. 


f Almost Infusible, and notl 
to be procured in buttons 
by the heat of a smith's 
forge* 


Fusfble before the 
oxi-hydrogen blow- 
pipe. 


Infusible Ri the beat a smith's forge 
before the oxi-hydrogen blow-pipe. 


, blit fusible 


Molybdt num 
Uraoinin 
Tungsten 

Cliroiuium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
^Columbiffp) 

metallic elements are, in general, highly fixed suh- 
although it is probable that all of them may be dis- 
sipated at the highest temperatures. The following metals are 
so volatile as to be occasionally distilled, — cadmiuni,*raercury, 
arsenic, tellurium, sodium, potassium and zinc. 

♦ Dr. Turner's Elements of Chemisfry, p. 414. 

F F 2 
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All the metals are capable of uniting with oxygen^ but they 
differ greatly from each other in their affinity for that ele- 
ment. The greater number of them absorb oxygen from dry 
air at the usual tempe^atoire,* and iindergo oxidation, which 
is only slight and superficial in many, when they are in mass, 
but may be Complete and perfect in the same metals, when they 
are highly divided, and in a favourable state for combination, 
as in the lead and iron pyrophoriw exposed to air. The same 
metals exhibit, at a high ^ temperature, a more intense affinity 
for oxygen, and combine with combustion. The only metals 
wliich do not unite with oxygen directly in any circumstances 
are silver, palladium, platinum, gold, and probably rhodium 
and iridium. 

The metals have been arranged in six groups or sections, 
^differing in their degrees of oxidabllity. 1 . Metals which de- 
coTnpose water even at 32%, with lively effervescence, namely, 
potassium, sodium, lithium, barium, strontium, calcium, and 
probably magnesium. 2. Metals which do not decompose 
water at 32<>, like the metals of the preceding class ; they do not 
decompose H with a lively effervescence, except at a tempera- 
ture <approi*ching 2 1 2° or even higher, but always much below 
a red heat. I n^ this class are found glucinum, aluminum, 
zirconium^, thorium, yttrium, cerium, and manganese. 3. Me- 
Uils which do not decompose water except at a red heat, or 
at the ordinary temperature with the presence of strong acids. 
This section comprehL*nds iron, nickel, cobalt, zinc, cadmium, 
tin, chromium, and probably vanadium. Iron is rapidly cor- 
roded in water containing carbonic acid, with the evolution of 
hydrogen. 4. Metals which decompose the vapour of water 
at a red heat with considerable *energy, but which do not de- 
compose water in presence Of ^he strong acids. They are 
tungsten, molybdenum, osmium^ columbium, titanium, anti- 
mony, and uranium. These metals appear to be incapable of 
decomposing water in contact with acids, because their oxides 
have but a small basic power, being indeed bodies which are 
ranked among the acids. 5. Metals of which the oxides are 
not decompose?! by heaf alone, and which decompose water only 
in a feeble mannSr, and at a very high temperature. They are 
also distinguished from the preceding class by their tendency to 
form basic and not acid oxide^. These metals are copper, lead, 
and bisuiuth. Metals of which the oxides are reducible by 
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beat alpne at a temperature more or les*s elevated ; these metals 
do not decompose water in ar^y circumstances. 1 hey are mer- 
cury, silver, palladium, platinum, gold, and probably rhodium 
and iridium*. It is to be remarl^d of tiearly all tlie metals 
which decomjJose the vapour of water, and consequently sepa- 
rate hydrogen from oxygen at a certain temperatuse, that their 
oxides are reduced^ notwithstanding, with great facility by hydro- 
gen gas, and within the sam^ limits of temperature. This ano- 
malous result has already been "adverted to in regard to iron 
(p. 188). 

Of the tliirteen non-metallic elements, hydrogen only forms 
a basic oxide capable of uniting with acids. It is a general 
character of the metals, on the contrary, to form such oxides, 
if tellurium be excepted, which is more analogous in its chemical 
properties to sulphur than to the metals. Hence, as the former 
class are principally salt -radicals, the latter are principally^ 
basyles. 

The protoxides of metals are uniformly and strongly basic, 
but this feature becomes less distinct in their superior oxides, 
and passes into the acid character in tl\e high degrees of oxida- 
tion of which some metals are susceptible. Thug, of ^^anga- 
iiese, the prdtoxide is a strong base, the deutoxide basic but 
in a less degree than the protoxide ; the peroxide ^indifferent, 
and the still higher oxides are the manganic and hypermanga- 
riic acids, which are respectively isomorphous with sulphuric 
and hyperchloric acids. A few metals^whicli have no protox- 
ides, such as arsenic and antimony, are most remarkable for the 
acids they form with oxygen,* and thus more resemble in their 
chemical history the elements of the non-metallic class. It is 
indeed impossible to draw an% exact line of demarcation between 
the two classes of elements, either with reference to their pliysi- 
cal or chemical properties. . ' 

Besides combining with oxygen, nietals combine with sul- 
phur, chlorine, and with' other salt-radicals, whether sirnjde or 
compound, and Jience sulpburets, chlorides, and numerous 
other series of metallic compounds. Of these series the sul- 
phurets most resemble the oxides uf the s^ftne metals ; the 
chlorides and other series partake more strongly of the saline 
character. Each metal, or class of metals affects combination 


* H^gnault, Ann. de Ch, et dc l‘h. t. 62, p. 368. 
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with oxygen in certain proportions, and combines also with 
sulphur, chlorine, &c., in the sanae proportions. Hence, pven 
the formulm of the oxides of a metal, the formulae of its sul- 
phurets, chlorides, &c., m^y generally be predicated, as they 
correspond with the forrner. Thus the oxides ‘Of iron being 
Fe O and Fe^ O3, the sulphurets are Fe S and Fcj S3, and the 
chlorides Fe Cl and Fcj CI3; the oxides of arsenic, or arsenious 
and arsenic acids, being As O3 and,As Og, the sulphurets of that 
metal are As S3 and As Sg, and the chlorides As CI3 and As Clg. 
But sometimes a metal unites with sulphur in more ratios than 
with oxygen, both iron and arsenic, for example, possessing each 
a sulphuret to which they have no corresponding oxide, namely 
martial pyrites and realgar, of which the formulee are Fe and 
As S3. The potassium &mily of metals combine also with 
three and five equivalei^s of sulphur, without all uniting with 
oxygen in such high proportions. Again, certain metals of the 
magnesian and its allied families, such as manganese and chro* 
mium, form acid compounds with oxygen, to which no corres- 
ponding sulphurets exist, such as manganic and chromic acids, 
Mn O3 and Cr O3. But the circumstance that these acids are 
isomoyplvoug,, with sulphuric acid, and the metals they contain 
isomorphous with sulphur, appears to be a sufficient reason 
why there should not be similar sulphur acids. The chlorides 
of a metal generally correspond in number, as they always do 
in composition, with the oxides ; in some cases they are less 
numerous, but never, I believe, more numerous than the oxides 
of the same metal. 

Combination takes place within a series, that is, oxides com- 
bine with oxides, sulphurets with sulphurets. Those members 
of the same series which differ greatly^ in chemical characters 
being most disposed to combine together, as oxygen acids with 
oxygen Imses, sulphar acids with smphur bases. Chlorides also 
combine with chlorides", to form doable chlorides, and iodides 
with iodides. 

Compounds belonging to different series, ^on the contrary, 
do not combine together, but often mutually decompose each 
other, when brought into contact. Thus hydrodilorio acid and 
potash do not unite, but' form water ana cbloride of potassium, 
by mutual, decomposition, as explained in the following dia- 
gram - 
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Before ilecompQsItioo. After decoiopusition, 


Hydrochloric / Hydrogen ______ 

acid 1 Chlorine . * -X' 

Potash 


.Potassium _ 


Water 

Chloride of Potassium. 


In the seme meaner, petoxide of iron, dissolved in hydro- 
chloric acid, produces water and a perchloride of iron corres- 
ponding with the peroxide 3 H Cl and Fe^ OjssS H O and 
Fe^ CI 3 . And in all cases whai a metallic oxide dissolves in 
hydrochloric acid, without evolution* of chlorine, the chlorids 
produced necessarily corresponds with the oxide dissolved. 
Again, orpiment, or sulpharsenious acid does not combine 
with potash, when dissolved in that alkaline oxide, but gives 
rise to the formation of certain proportions of arsenious acid, 
and sulphuret of potassium : — 


Before decomposition. 


Sulpharsenious f Arsenic s 

acid 1 S Sulphur • , 

3 Potash I ^ Oxygen 

3 mash 1 3 Potassium- 


After decomposition, 

Arsenjous acid, 
a.3 Sulphuret of potas 


Two pairs of compounds of different series then coexist^n the 
liquid, an oxygen acid, arsenious acid, w^hiCh unites with the 
oxygen base, potash, and a sulphur base, sulphuret of potas- 
sium, which unites with undecomposed ^ sulpharsenious aqid. 
Hence the result of dissolving orpitoen^in pQ^h is the decom- 
position of both compounds and formation of two salts of 
different series, arsenite of potash and sulpharsenite of sulphu- 
ret of potassium. 

The union of metallic compounds of the oxygen and sul- 
phur series is a rare occurrence. But the red ore of antimony 
is such a combination, an JT)xisulphuret 8 of mercury also exist. 
Compounds of metallic oxides with mc^taHic chlorides, and with 
other highly saline bitiary compounds, are more frequent; 
but they are not to be plae^d in the same category with the 
compounds of individuals both belonging to the same series, 
which last are neutral salts. For % mmllra oxichloride may 
generally, if not always,* be viewed as a chloride to which a cer- 
tain proportion of metallic oxide is attached, like constitutional 
wkter in a hydrated salt. That metallic oxide is likewise al- 
ways of the magnesian class, or of a class allied to it. Oxicldo- 
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rides are then to be associated with those salts of oxygen-adds 
usually denominated subsalts (page 169); the oxichlorides of 
lead and of copper, Pb Cl +3 Pb O and Cu Cl + 3 Cu O, with 
the subacetates ancLsubsulphates of the same metals. 

Arrangement of metallic elements. — A distribution of the 
metals into ^ three classes is generally made, Composed respec- 
tively of the metals of the alkalies and alkaline earths, the me- 
tals of the earths, and the metals proper. The latter class 
again is subdivided, according tiie affinity of the metals con- 
Aained in it for oxygen, ‘into the two groups, the noble and 
common metals, the oxides of the former, such as gold, silver, 
&c., abandoning their oxygen at a high temperature, while the 
oxides of the latter, lead, copper, &c., are undecomposable by 
heat alone, In treating of the metals, I shall introduce them in 
the order which appears to facilitate most the study of their 
combinations, with a general reference to that old classification. 
For subdivisions, I shall avail myself of the natural families 
into which the elements have been arranged (page 142), which 
have the advantage of bringing together those metals of which 
the compounds are most frequently isomorphous. The different 
metals will therefore be grouped under the following heads : — 

I. Metalfic bases of the alkalies — ^three metals: 

• Oxides. 

Potassium . . . Potasli. 

Sodium . . . Soda. 

Lithium ... Lithia. 

, II. Metallic bases of the alkaline earths — four metals : 

Oxides. 


Barium . ^ 

Barytes. 

Strontium . . ^ ' 

Strontian. 

Calcium . , ' . 

Lime. 

Magnesium 

Magnesia. 

Metallic bases of the earths proper- 

-five metals 

Oxides. 

Aliuninum ^ • 

Alumina. 

Glucinum 

Glucina. 

Zirconium 

Zirconia* 

Yttrium . ' . 

Yttria. 

Thorium 

Thorina.. 
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IV. Metals proper, of which the protoxides are isomorphous 
vdth magnesia, with bismuth— nine metals : 

Manganese. Cadmium. 

Iron. « Copper. 

Cobalt. Lead, 

Nickel. Bismuth. 

Zinc. 

V, Other metals proper having isomorphous relations with 
the magnesian family — seven ^netjils; 


•Tungsten. 

Molybdeflum. 

Tellurium. 


Tin. 

Titanium. 

Chromium. 

Vanadium. 

Metals isomorphous with phosphorus — two metals : 
Arsenic. | Antimony, 

VII. Metals proper, not included in ^he /oregoing classes, of 
which the oxides are not reduced by alone — four metals : 


VI. 


Uranium. 

Cerium. 


Lantanum. 

Columbium or Tantalum. 


VIII. Metals proper, of which the oxides are reduced to the 
metallic state by heat, (noble metals) — three meialsj 

Mercury. I Gold. 

Silver. j 

IX. Metals peculiar to native platinum (n^oble metals) — five 
metals : 


Platinum. 

■ Palladium. 
Iridium. 


Osmium. 

RJiodium. 


ORDER I. 

METALLIC BASE!i OF THE ALKALIES. 

SECTION I. 

POTASSIUM. 

Syn. Kauium. Eg, 490^ or 39.3 ; K. 

The alkalies and earths have long been named and distin- 
guished from each other, but they were not known to be the 
oxides of peculiar metals till a recent period. The terms ap- 
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plied to the new metitUic bases are formed from the names of 
their oxides, as potassium from ^potash, and calcium from calx, 
a name sontetimes given to lime; while the original names of 
the oxid^ are stilt retained, as those of ordinary objects, and 
not superseded by appellations indicating theii» relation to the 
metals, suoh as oxid^ of potassium for potash, or oxide of cal- 
dum for lime. 

J^reparation . — In 1807, Sir Davy made the memorable 
discovery that potash is resolved by a powerful voltaic battery 
into potassium^ and oxygen. He placed a moistened fragment 
of hydrate of potash upon mercury, introducing the terminal 
wire from the zinc extremity of an active battery (the chlo- 
roid) into the fluid metal, and touching the potash uith tlie 
other terminal wire (the zincoid) ; bubbles of oxygen gas ap- 
peared at the latter wire, and potassium was liberated at the 
“former, and dissolving in the mercury, was protected from 
oxidation by the air. To effect this decomposition, Davy em- 
ployed a battery of 200 pairs of four-inch plates ; but an amalgam 
of potassium may be as readily obtained by a more simple voltaic 
apparatus, in the manner described at page 239. These pro- 
cesses, however, afford potassium only in minute quantity. 
Soon after the existence of this metal was known, Gay-Lussac 
and Tlienard discovered that potash is decomposed by iron at a 
white heat, and tliey contrived a process by which a more abun- 
dant supply of the metal was obtained. It was afterwards noticed 
by Curaudau that potacli, like the oxides of common metals, is 
decomposed by charcoal as well as by iron, which is the basis 
of the procesg for potassium now always followed. 

This interesting and useful process is described by Mitscher- 
lich, as it is successfully purstjed in Germany. Whenever 
charcoal is used to deprive a metallic oxide of its oxygen, the 
former must be in a state of minute division, and be intimately 
mixed with the latter. ^ Carbonate of potash requires this pre- 
caution the more, that it fuses at a red heat, and is thus apt to 
separate from the charcoal, and sink below it. It is found that 
the best means to obtain a proper mixture df these substances 
is to calcine a salt of pcjtash containing a vegetable acid, which 
leaves a large quantity of charcoal, when decomposed. Crude 
tartar (bitaxtrate of potash) is preferred, and for one operation 
six pounds of that salt arc ignited in a large crucible or mehing- 
pot provided with a lid, so long as combustible gases are ^s- 
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engaged. The caruable is then withdratfn from the fire, and is 
found to contain a black mass,, which is the nuxture of char* 
coal and carbonate of potash, known as black flux.' It is re- 
duced to powder, while still warm^ and immediately TniYft4 
with about tentmnces of wood-charcoal in small pieces, or in a 
coarse powder, from which the dust has been separated by a 
sieve. The use of this additional charcoal is to act as a sponge, 
and absorb the potash whep,liquefied by heat. The mixture 
is introduced into a bottle of wrought iron, and a mercury 
bottle (page 244) answers well for tlfe purpos^, but must 1>e' 
heated to redness before hand, to expel a litlie mercury that re- 
mains in it. The mouth of the bottle is enlarged a little by 
means of a round file, and a straight ‘iron tube of 4 or 5 
inches in length fitted into the opening, by grinding. The 
bottle and tube thus form a retort, which is supported horizon- 

Pio. 49, 



tally in a brick furiihce, as represented (Pi^dS) in whicli a is the 
iron bottle resting upon two bars of iiono d;*^o which it may 
also be firmly bound J>y* iron wire. These bars cross the fur- 
nace at a height of 5 or 6 inches above the grate-bars. A 
mixture of equal parts of coal and coke makes an excellent 
fuel for this furnace. The tube i of the bottle projects through 
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an aperture in the side-wall of the furnace, and enters a re- 
ceiver of a peculiar construction required to condense the po- 
tassium, iliich distils over. This receiver is composed of two 
separate copper cylinders or •oval boxes, hard soldered, si- 
milar in form and size, which are represented in section in 
figure 46, tjie one bnd being introduced within Fig. 46. 
the other gh k^ and thus forming together a ^ 

vessel of which bnd the. cove^. It will also 
be observed . that b n d is divided into two J I. L 

i cellsbya diaphragm i, bf the same length as -? ! V jT 

the cylinder, and descending with it to within f i JLJ* 

two inches of the bottom h of ghk. A ribbon 
of copper g is solderdd around b n rf, so as to form a ledge, 
which is seen in both figures, and serves as a support for a 
cage of iron-wire c rf, placed over the receiver during the distil- 
•lation, to hold ice, ‘and also to shed the water from the lique- 
faction of that ice, which falls into a tray p below", and flow"s 
oflFby the tube h The cover has also two* short copper tubes 
d and i, of which the copper of b is notched so as to clasp 
firmly by its elasticity the tube b from the iron bottle, which 
is fitted^into it. The other tube rf, which is exactly opposite 
to 5, Is fitted wnth a cork, and the diaphragm i has a small 
hole in it to ^.llW of a rod being passed through b and d. 
in the same part of the apparatus is a third opening, to which 
a glass tube x is fitted by a cork, for the escape of uncon- 
densible .gases. The seceiver is filled to about one-third with 
rectified petroleum, a liquid containing no oxygen, so as to 
come near to, but not to cover. the bottom of the [)artition L 
The length of the bottle is 11 inches, its width 4, and the other 
parts of the api)aratus are designed upon the same scale. 

Potassium and carbonic oxide gas are the principal products 
of the decomposition of the carbonate of potash, but other 
substances besides thc^ are found in the receiver, namely, a 
black mass very rich in potassium, some oxalate and croconate 
of potash and free potash, with a portion 9 f charcoal powder 
carried over mechanically. Part of these products appear to 
be formed, aftejM^JiiC redaction of the potassium, by the mutual 
reaction of that metal, carbonic oxide ahd^ petroleum. The pro- 
cess is found to succeed best when the iron tube b is so short 
. that it can be maintained at a red heat through its whole length 
during the operation, wdiile the receiver is kept at a very low 
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temperature; the potassium then falls ffom the tube, drop by 
drop, into the receiver, and doej not remain long in contact with 
carbonic oxide, which is known to combine readilij#with that 
metal. One of two other points should al^ be attended to. 
The connexion%etween the tube b and the receiver is not made 
till the iron bottle has been heated to redness, to ^llow of the 
escape of a little water, and of a trdee of mercury, which had re- 
mained in the bottle in the stfite of vapour, and which come off 
first. The joining of the tube is not air-tight at first, and 
allows a little potassium vapour to escape, but^this burns arid- 
forms potash, which immediately closes the openings. This 
tube being always incandescent, and the refrigeration properly 
made, the reduction sometimes proceed! without interruption. 
But the tube is sometimes obstructed, as appears by the gases 
ceasing to escape by 07. Haste must^ then be made to open 
the tube b, and to clear it by means of a flattened iron rod If 
slightly hooked at its anterior extremity. Care has been taken 
to mark on this rod, with the scratch of a file, how far it has to 
penetrate into the apparatus to reach the mouth of the bottle, 
and it must not be introduced farther. The current of air 
through the furnace is regulated by a register jalvg’ in the 
chimney, and the fire stirred frequently so as to prevent the 
formation of cavities ; the operator being gtiided in the ma- 
nagement of the fire by the rapidity of the current of gas which 
escapes by the tube w. To terminate the, operation, the grate 
bars may be thrown down, by which the 41161 will fall into tlie 
ash-pit. The quantity of crude tartar mentioned yields about 
4 ounces of potassium, whichis about 4 per cenl^of its weight. 
The potassium thus obtained, containing a little carbon che- 
mically combined with«it, is ^submitted, together with the black 
mass found in the receiver^ to a second distillation.^ For this 
purpose a smaller iron botjfe with a bent tube may be employed, 
the end of which is covered by rectifiefl petroleum in a capaci- 
ous flask, used as a receiver.* 

Properties . — Pjjtassium is solid at the usual temperature, 
but so soft as to yield like wax to the pressure of the fingers. 
A fresh surface has a white colour, withTi'^Jmde of blue, like 
steel, but is almost j^sliantly covered by a dull film of oxide, 
when exposed to air. The metal is brittle at 32^, and has 
been observed crystallized in cubes : it is semi-fluid at 70 °, 
♦ Mitscberlieli, Eldinens de Chiinie, t. 3, [». 8. 
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tod becomes oompletefy liquid at 150®. It may be distilled at 
a low red heat? and forms a vagour of a green colour. Potas- 
sium is c^jlbid^ lighter than water, its density being 0.865 
at 60^9 # 

Potassium oxidates gradually without combuffcion when ex- 
posed to ai%> but heated till it begins to vaporise, it takes fire 
and burns with a violet flame. The avidity of this metal for 
Oxygen is strikingly exhibited wl^en a fragment of it is thrown 
upon water* It instantly decomposes the water, and so much 
rheat is evolved as to kindle the potassium, which moves about 
upon the surface of the water, burning with a strong flame, of 
which the vivacity is increased by the combustion of the hy- 
drogen gas disengaged at the same time. A globule of fused 
potash remains, which continues to swim about upon the sur- 
face of the water for a few seconds, but finally produces an ex- 
plosive burst of steam, when its temperature falls to a certain 
point, illustrating the phenomenon of a drop of water on a hot 
metallic plate (page 47.) 

Potassium appears to have the greatest affinity of all bodies 
for oxygen, at temperatures which are not exceedingly elevated. 
It decofjiposes nitrous and nitric oxides, and also carbonic 
oxide gas at a red heat, although potash is reduced tp the 
metallic state by charcoal at a white heat. It has already been 
stated that the oxides and fluorides of boron and silicon are de- 
composed by potassium, and besides these elements, several of 
the metallic bases of the earths are obtained by means of this 
metal. It is indeed a reducing agent of the greatest value. 

COMPOUNDS OF POTASSIUM. 

Potash or potassa; KO ; 590 or 47*26*— Potassium exposed 
in thin slices to dry air becomes a^Svhite matter, which is the 
protoxide of potassium ‘or potash. This compound is fusible 
at a red heat> and rises in vapour at a strong white heat. It ' 
unites with water, with i^ition, and forms ^ fusible hydrate, 
which is the ordinal condition of caustic potash. ‘ 

The hydrate is obtained in quantity from the car- 

bonate of potash* . Equal weights of that, salt and of quick- 
lime are taken, the latter of which is slaked with water, and 
falls into a powder consisting of hydrate of lime; the former 
is dissolved in from 6 to 10 times its weight of water, and both 
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boiled together for half an hour in a cleaif iron pan. The lime 
abstracts carbonic acid from thejpotash, and becomes carbonate 
of lime; a reaction which may be illustrated by lime- 

water to a solution of carbonate of potash, whm a precipitate of 
carbonate of liifte falls. When the potash has been deprived 
entirely of carbonic acid, a little of the clear liquid ^ken from 
the pan will be found not to effervesce upon the addition of an 
acid to it. It is remarkable J:hat the decomposition is never 
complete, if the carbonate of potash be dissolved in less than 
the prescribed quantity of water. Lieftig has oj^served that a 
concentrated solution of potash decomposes carbonate of lime, 
and consequently hydrate of lime could not, in the same circum- 
stances, decompose carbonate of potash.* The pan being co- 
vered by a lid, may be allowed to cool ; as the insoluble carbo- 
nate of lime and the excess of hydrate o/ lime subside, a con- 
siderable quantity of the clear solution of potash may be drawn ' 
off by a syphon, and the remainder may be obtained clear by fil- 
tration. In the latter operation a large glass filtinel may be em- 
ployed, to support a filter of washed cotton calico, into which 
what remains in the pan is transferred. A small portion of liquid, 
which passes through turbid at first, should be jptuimejl to 
the filter. As the solution of potash absorbs carbonic it is 
proper to conduct its filtration with as little exposurg to air as 
j)ossible ; on which account the mouth of the funnel should be 
covered by a plate, and the liquid which flqws from it be im- 
mediately received in a bottle, in the mouth* of which the funnel 
may be supported. The bottle in which potash is preserved 
should not be of crystal, or of » material containing lead, ^s the 
alkali corrodes such glass, particularly wdien its natural sur- 
face has been cut. 

To obtain the solid hydrate of potash, the preceding solution 
is rapidly evaporated in a gSfep iron pan or silver bason, till an 
oily liquid remains at a high temperature, which contains no 
more than a single equivalent of water. This liquid is poured 
into cylindrical iro^j moulds, to obtain it in the form of sticks, 
which are used by surgeons as a cautery, qjp(^re the potassa or 
potassa fusa of the pharmacopeia; a form m Vhich it is also 
convenient to have potash for some chemical purposes. The 
sticks generally contain a portion of carbonate of potash, be- 
sides a little oxide of iron and peroxide of potassium, the last 
of which gives occasion to the evolution of a little oxygen gas 
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when the sticks are dfesolved in water. To obtain hydrate of 
potash free from carbonate, the^ sticks are dissolved in alcohol, 
in which foreign impurities are insoluble, and the alcoholic 
solution is evaporated to dryness. 

The pure and fused hydrate of potash is a solid: white mass of 
a structure* somewhat crystalline, of sp.gr. I.7O6, fusible at a 
heat under redness. It is a protohydrate, and cannot be de- 
prived of its combined water by the most intense heat It de- 
stroys animal textures. It rapidly deliquesces in damp air, from 
•the absorption of moisiSure, is soluble in half its weight pf 
water, and also in alcohol. Mixed in powder with a small 
quantity of water, it forms a second crystalline combination, 
which is a teVhydrate ; and its solution in water affords, at a 
very low temperature, crystals in the forms of four-sided tables 
and octohedrons, which are a pentahydrate, KO, HO +4 HO. 

The solution of potash, or potash ley, has a slight but pecu- 
liar odour, characteristic of caustic alkalies, which they ac- 
quire from their action upon organic matter, derived from the 
atmosphere or other sources. The skin and other animal sub- 
stances are dissolved by this liquid. It is highly caustic, and 
its taste intensely acrid. It has those properties which are 
termed alkaline in an^eminent degree. It neutralises the most 
powerful acids, Restores the blue colour of reddened litmus, 
changes the blue infusion of cabbage into green, but in a short 
time altogether destroys these vegetable colours. It acts upon 
fixed oils, and convert^^ them into soaps, which are soluble in 
water. It absorbs carbonic acid with great avidity from the 
air, on whiqh account it shotdd lie preserved in well stopt 
bottles. 

The presence of free potash or /:oda, 'in solutions of their car- 
bonates, may be discovered by nitrate of silver, the oxide of 
which is precipitated of a browp ^Vlour by the caustic alkali, 
while the white carbonSte of silver only is precipitated by the 
pure carbonated alkali. Potash, whether free, or in combination 
with an acid as a soluble salt, may be detected tad distinguished 
from soda and allqther substances, by means of certain acids, 
&c.> which foruS^l^ingly soluble compounds with that alkali. 
A strong solution •of tartaric acid produces a precipitate of bi- 
tartrate of potash, in a liquid containing 1 per cent of any 
potash sa/t.* The precipitate is crystalline, and does not ap- 
pear immediately, but is thrown down on stirring the liquid 
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strongly, and soonest upon the lines, which liave been described 
on the glass by the stirrer. A similar precipitation is occa- 
sioned in salts of potash by hyperchloric acid.' Al||j by chlo- 
ride of platinum, which forms the double cijilCride of platinum 
and potassium^in granular octohedrAiS of a pale yell )\v colour. 
In the separation of potash, for its quantitative estimation, the 
last reagent is preferred, and is added in excess to the potash 
solution, together with a few drops of hydrochloric acid,wliieh is 
then evaporated by a steam *heai to dryness. Water with an 
admixture of alcohol is digested upcfn the dry residue, whiciig 
dissolves up every thing except the double chloride of platinum 
and potassium. Ammonia is also thrown dowm by chloride of 
platinum ; but when the chloride of pUtimiin and ammonium 
is heated to redness, nothing is left except spongy platinum, 
while the chloride of platinum and potassium leaves all its po- 
tassium in the state of chloride mijfed Vith the platinum^ 
Potash is likewise separated from •acids, by means of fluosilicic 
acid, which throws down a light gelatinous precipitate, the 
double fluoride of silicon and potassium. 

Potash is the base which in general exhibits the highest affi- 
nity for acids; it precipitates lime and the insoluble metallic 
oxides from their solutions in acids. This alkali^is e^ffftloyed 
indifferently with soda for a variety of usefull purposes. The 
principal combinations of potash with acids will 1)5 dcscribti 
after the binary compounds of potassium. 

Peroxide of potassium^ — Heatec^sfV^ngly in air or oxy- 

gen, potassium combines with three equivalents of oxygen. 
The ultimate residue on calcining nitrate of potash at a red 
heat has been said to be the same compound, bu? Mitscherlich 
finds that residue to be potash. The peroxide of potassium is 
decomposed by water^j being converted into hydrate of potasli, 
with evolution of oxygen 

When potassium is burned with an ^imperfect supply of air, 
a grey matter is formed, which Berzelius believes to be a sub- 
oxide of potassium. It is not more stable than the permaide. 

Sulphurets of J^otassium, — Sulphur and potassium, when 
heated together, unite with incandesc^n5ty%^*4 iu several pro- 
portions, two of which oorrespond respectively with the j)rotox- 
id^ and peroxide of ^potassium. The protosulpkuret may 
obtained by transmitting hydrogen gas over sulphate of potash, 
heated in a bulb of hard glass to full redness, when the whole 
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oxygen of the salt is « carried off as water, and the sulphur 
remains in combination .with potassium, forming a fusible 
compoun(J||of a light brown colour. Sulphate of potash cal- 
cined with orie-foiSth of its weight of pounded charcoal or pit- 
coal, in a covered corfii^h crucible, at a bright red heat, is 
converted into a black crystalline mass, which is also proto- 
sulphuret of potassium, with generally a small quantity of a 
higher sulphuret, arising from the combination of the silica of 
the crucible with potash of 4:he sulphate. If lamp-black be 
nused instead of charcoal the sulphuret of potassium formed 
having a great affinity for oxygen, and being in a highly divided 
state, takes fire, when exposed to the air, and forms a pyro- 
phorus. The solution* of the protosulphuret in water is highly 
caustic 3 it is decomposed by acids with effervescence, from the 
escape of .Sulphuretted hydrogen gas, but without any deposit 
of sulphur. Bein^a sulphur base, it combines without decom- 
position with sulphur acids. 

This sulphuret unites directly with sulphuretted hydrogen ; 
and the same compound may be otherwise formed, namely, by 
transmitting a' stream of sulphuretted 'hydrogen through caustic 
potash, so 16ng as the gas is absorbed. It is often named the 
bihychkifmlptiu 7 'et of potash. It is analogous in composition 
to hydrate of potdkh in the oxygen series. 

llie Tntosvlphuret is formed when anhydrous carbonate of 
potash, mixed with half its weight of sulphur, is maintained at 
a low red heat .so long carbonic acid gas comes off. Of four 
proportions of potash, three become sulphuret of potassium, 
while sulphuric acid is formed, which neutralises the fourth pro- 
portion of jWash: 4K() and 108 = 8X83 and KO, SO3. 
With carbonate of potash and sulphur, m equal weights, a simi- 
lar action occurs, at a temperature above the fusing point of 
sulphur, but five, instead of three/^oportions of sulphur then 
unite with one of potafiSsium, anci o. Pentasulphuret is formed. 
With a larger proportion of carbonate of potash the same sulphu- 
ret is^lso produced, provided the temperature does not much 
exceed the boiling point of sulphur, and frte excess of carbo- 
nate fuses alonj^fecfi if, without undergoing decomposition. 
A sulphuret obtained by fusing sulphur^^and carbonate of potash 
together has a liver-brown colour, and hence its old pharma- 
ceutic namle Hepar sulphuris. The three sulphurets described 
are deliquescent, and are all soluble in water, the higher sul- 
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phurets giving red solutions. They may indeed be prepared 
by boiling sulphur, in proper proportions, with caustic potash. 
A simultaneous formation of hyposulphurou^acid then occurs, 
as already explained (page 331.> Th^e preparation, 
sulphur, is obtained by adding an excess of hydrochloric acid 
to these solutions, when muph sulphur is thrown dowm, although 
the potassium be only in the state of protosulphuret, for the 
sulphuretted hydrogen arising from the action of the acid on 
that sulphuret, meets sulphurous evolved at the same time from 
the decomposition of hyposulphurous acid, aijd these gases 
mutually decompose each other, with the formation of water 
and sulphur. Tlie excess of sulphur in the alkaline sulphuret 
also precipitates at the same time. The* peculiar whiteness of 
precipitated sulphur is owing, acording to Rose, to its containing 
a little pcrsulphuret of hydrogen. ^ 

Chloride of potassium ; K Cl; 932.6 or 74.7.— Formed by the 
coitibustion of jiotassium in chlorine, or by neutralising hydro- 
chloric acid by potash or its carbonate. It is also derived in 
considerable quantity from kelp (page 384.) It crystallizes in 
cubes and rectangular prisms, resembles common salt in taste, 
is soluble in 3 times its weight of water at agd at 

212^. When pulverised and dissolved in 4 times its weight 
of cold water, it produces a depression tempejrature <jf 
20^ degrees ; while chloride of sodium, dissolved in the same 
manner, lowers the temperature only 3.4 degrees. Upon the 
difference between the two salts in this property is founded a 
rude mode of estimating their proportions in a mixture. Chlo- 
ride of potassium is principally consumed , in the ^lanufacture 
of alum. 

Iodide of potassium; IK; ^069.4 or 165.82, — ^I'^his salt if 
obtained by dissolving iodine in solution of potash till neutral, 
evaporating to dryness, an4 Seating to redness, to decompose 
the portion of iodate of potash formed. ^It is more soluble than 
the chloride, and may be obtained in cubes or rectangular 
prisms, which are generally white and opaque, and have an alka- 
line reaction from the presence of a trace of^c^bonate of potash. 
The dry salt does not combine with more iodine, ’^but in conjunc- 
tion with a small quantity of water, (I believe 4 equivalents) it 
absorbs the vapour of iodine with great avidity, and runs into 
a liquid of a deep red, almost black, colour. According to 
Baup, a saturated solution of iodide of potassium may jlissolve 

0 0 2 
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SO much as twO eqnivafents of iodine, but allows one equivalent 
to precipitate when diluted. Iodide of potassium is much us d 
in medicihe; it .is not poisonous in doses of one or two 
drachms. Its soibtion is ^also ‘employed as a vehicle for iodine 
itself, JO grains of iodine, and 30 grains of iodide of potassium 
being usually dissolved in I ounce of water. The bromide of 
])Otassiuni is capable of dissolving bromine, but the solution of 
chloride of potassium has no affinity for chlorine. 

Ferfocyanide of potc^siuhi^ Yellow priissiate of potash ; 
’K 2 , Fe Cy 3 + 3HO; 2308.? +337.5 or 185 +27-— This important 
salt is farmed when carbonate of potash is fused in an iron pot 
with animal matter, such as dried blood, hoofs, clippings of 
hides, &c., and is the product of a reactibn to be hereafter de- 
scribed. This salt occurs in a state of great purity in com- 
merce. It is of a iernpri yellow colour, and crystallized in large 
‘quadrangular tables, with truncated angles and edges, belonging 
to the square prismatic system. The crystals contain 3 equiva- 
lents of water, which they lose at 2 1 2°, are soluble in 4)*^ parts 
of cold and 2 parts of boiling w^ater, and are* insoluble in alco- 
hol. The taste of this salt is saline, and it is not poisonous. 
By 4 converted, with escape of nitrogen gas, into 

carburet of iron and cyanide of potassium ; but with exposure 
to air tbit latter ’salt absorbs oxygen,, and becomes cyanate of 
potasli. This salt is represented by Liebig as containing a salt- 
radical, Ferrocyanopen^ composed of 1 eq. of iron and 8 eq. of 
cyanogen, or Fe Cy,: ^‘'•This imaginary radical is bibasic, and is 
in combination with 2 eq, potassium in the salt,^ as will be 
seen by refei^nce to its formula. The same salt has been re- 
presented by myself as a compound of a tribasic salt-radical 
prussine (3 Cy) with Fe + 2 K. .^*But*its reactions with other 
salts are most easily stated oil' the former view of its constitu- 
tion. The iron in this salt w precipitated by alkalies. 
When ferrocyanide of' potassium is added to salts of lead and 
various other metallic solutions, it produces precipitates, in 
which two atoms of the lead or other metal are substituted, in 

f ' ■ 

combination W ith^^^ ^rocyanogen, for the tw^o atoms of potas- 
sium. In saltrtf^roidde of iron, ferrocyanide of potassium 
produces the welk known precipitate pfu^sian blue. 

Ferrictfantde of potassium^ lied prussmte of potash ; 
3K, Feg Cy^; 4127*6 or 331.74. — This salt, which like the last, 
is a valuable reagent, is formed by transmitting chlorine gai( 
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through a solution of the ferrocyanide 5f potassium, till it no 
longer gives a precipitate of prpssian blue with a pers:\lt; of iron. 
One fourth of the potassium of the ferrocyanide is convertc l i.ito 
chloride, from which the resulting ferricyafiide may he sepa- 
rated by crysttllization. ■ It forms right rbomliic j)risins, whic i 
are transparent and of a fine red colour. The cry^als arc an- 
hydrous, soluble in 3,8 parts of cold, and in less hot water. 
They burn with brilliant scintillations when held in the ilaiiie of 
a candle. The solution of this ssAt is^a delicate test of iron in 
the state bf protoxide, throwing down from its s^lts a variety 
Prussian blue, in which the 3K of the formula are replaced by 
3 Fe. Liebig views this salt as containing a salt-radical, Ferricy- 
anogen or ferrid cyanogen, Fe 2 Cy^, di(fei*ing from ferrocyanogen 
in having twice its atomic weight and being tri basic. 

Cyanide of potassium ; KCy^ 819.8 f)5.69. — The prepa- 

ration of this salt is attended with difficulty, owing to tlie action* 
of the carbonic acid of the air upon its solution, which evolves 
hydrocyanic acid, and the tendency of the solution itself to un- 
dergo spontaneous decomposition, even in close vessels. It 


may be formed by adding absolute hydrocyanic acid, or a strong 
solution of that acid, to a solution of potash in alcohol a' por- 
tion of. the cyanide falls down as a white crystalline precipitate, 
which should be washed with alcohol and dried, an^cl an addi- 
tional quantity is obtained by evaporating the liquid in a retort."^ 
^ut it is prepared with more advantage frprn the ferrocyanide 
of potassium already described. That%sAlt is carefully dried 
and reduced to a fine powder, which is exposed t<^ a strong red 
heat in a well closed min crucilde, or other coav^nient vessel,' 
and then allowed to cool completely without exposure to airj 
The porous, seinifused ifuiss,%which is a mixture of cyanide oi 
potassium and carburet of iron, is reduced to a fine powder, \ 
placed i a a fiinael, m^stefi^S with a little alcohol, and tlieii | 
washed with cold wate^^i The first stro^ig solution of cyanide^ 
of potassfum which comes through is colourless, and must be^ 
rapidly evaporated dryness ia a porcelain bason, and fused at 
a red heat. Or, alcohol of sp. gr. 0.89()J60 per cent) may be 
boiled upon the black mass, and dissolves 
cyanide, the greater uro])ortion of which it tdeposits again on/ 
cooling, a property peculiar to alcohol of the strength pre- 
scribed. The application of hot water to the black iiiass is to 
be avoided, as with access bf Sir, it causes tlie reproduction ol • 
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the ferrdcyanide, whicfi immediately colours the solution yellow 
(Liebig.) 

The cyanide o| potassium crystalli25es in colourless cubes, 
which become opa^i)[ue and^ deliquesce in damp air, and are very 
soluble in water. It bears a red heat without dfecomposition in 
close vessels, but with exposure to oxygen becomes cyanate of 
potash (KO, Cy O), Its solution smells of hydrocyanic acid, 
being decomposed by carbonic ^acid. The action of cyanide 
of potassium upon the apimal economy is equally powerful with 
’ that of hydrocyanic acid, and as the dry salt may be preserved 
in a well stopt bottle without change, it is preferable to the 
acid, which is far from stable. Red oxide of mercury dissolves 
freely in the solution of cyanide of potassium, cyanide of mer- 
cury being formed and potash set free. The purity of the alka- 
line cyanide may be ascertained from this property ; 12 grains 
of the pure cyanide dissolving 20 grains of finely pulverised 
oxide of mercury. 

Hydrocyanic acid for medical purposes is conveniently pre- 
pared from this cyanide. 24 grains of cyanide of potassium, 
56 grains of tartaric acid in crystals, and 1 ounce of water ar6 
together in a stout phial closed by a cork. The liquid 
is afterwards separated by filtration from the precipitate of bi- 
^artrate of potash ; it contains 10 grains of hydrocyanic acid, or 
rather more than 2 per cent (Dr. Clark). 

SuJphocyanide of, potassium; K, Cy 83; 1222.2 or 97.f>2. — 
Sulphocyanogen is a i salt-radical consisting of two of sulphur 
and one of cyanogen, which is formed on fusing the ferrocya- 
nides with gulphur. To obtain it in combination with potas- 
sium, the ferrocyanide of potassium, made anhydrous by heat 
and reduced to a fine powder, is# mixed with an equal weight of 
flowers of sulphur, in a common cast iron pot (pitch pot), and 
kept in a state of fusion for half kb hour at a temperature infe- 
rior to that at which \he sulphur would boil and bubbles of gas 
escape through the melted mass. No cyanogen is evolved or de- 
composed, and the residuary matter is a mixture of sulpho- 
cyanide of po tas s i^ and protosulphocyanide of iron, with the 
excess of sulp!f(fflr B<!Rth sulphocyanides dissolve in water, and 
give a solution whioh is colourless atiiri^t,but soon becomes red 
from oxidation of the. sulphocyanide of iron. To get rid of 
the iron, carbonate of potash is added to the boiling solution, 
so long as a precipitate of carbonate of iron falls, and the liquid 
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is afterwards filtered. This solution gives crystals of sulpho- 
cyanide of potassium, when evaporated, which may be freed 
from any adhering carbonate t)f potash, by dissolving them in 
alcohol. The salt crystallizes in long whi;e striated prisms, 
which are anljydrous, and reaemble nitrate of potash in their 
appearance and taste. They deliquesce in a damp atmosphere, 
and are very soluble in hot alcohol, from which the salt 
crystallizes on cooling. The sulphocyanide of potassium com- 
municates a blood red colodf tp solutions of salts of perox- 
ide of iron, and is consequently en!iployed as a test of tha^« 
metal in its higher state of oxidation. The •red solution is 
made perfectly colourless by a moderate dilution witli water, 
when the iron is not present in excess. . The sulphocyanide of 
potassium has been detected in the saliva of .man and the sheep. 


SALTS OF POTASH. 


Carbonate of potash ; KO, CO 2 ; 86*6*.3 or G9.42. — This use- 
ful salt is principally obtained from the ashes of plants. Potash 
is always contained i^ a state of combination in clay and other 
minerals which form the earthy part of soil, and appears to be a 
constituent of soil essential to vegetation. The aM;ali k appro- 
priated by plants, and is found in their sap combined with vege- 
table acids, particularly with oxalic and tartaric acids*; also 
silicic and sulphuric acids, and as' chloride of potassium. When 
the plants are dried and burned, the salts \)f the vegetable acids 
arc destroyed, and leave carbonate of ^^otaKsh; shrubs yielding 
three, and herbs five times as much saline matter as trees ; and 
the l)ranches of trees beiu^ more productive thafi their trunks, 
a distribution which may depend upon the potash existing 
chiefly in the sap. The whole ashes from wood seldom exceed 
1 per cent of its weight, of jwhich 1-6‘th may be saline matter. 
The solution evaporated to •dryness yj^elds Potashes^ and these 
partially purified and ignited form Peui lash. The carbonate is 
mixed in the latter with about 20 percent of foreign salts, 
principally sulphate of potash and chloride of pomssiuin. Tlie 
carbonate of potash is obtained in a stai^^ greater purity by 
dissolving pearlash in gn equal weighf of water, then separating 
the solution from Hndissc^ed salts, and* evaporating it to 
dfyness. . ^ 

Carbonate of potash is prepared of greater purity for chemical 
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purposes by igniting bitartrate of potash, or better by burning 
together 2 parts of that salt and 1 of nitre.^ In the latter pro- 
cess/ the carbon and hydrogen of the tartaric acid are destroyed 
by the oxygen of^'^ the nitric acjd, and carbonate of potash re- 
mains mixed with charcokl/ from which it may be separated by 
solution an^ filtration . 

Carbonate of potash has an acrid, alkaline taste, but is not 
caustic. It gives a green colour to the blue infusion of cabbage. 
This salt is highly deliquescent, ^and soluble in less than an 
(equal weight of water at (jO®. It may l)e crystallized with two 
equivalents of water. Added to solutions of salts pf lime, lead, 
&c., it throw's down insoluble carbonates. It is more fre- 
quently used than the caustic alkali, to neutralise acids and to 
form the salts of potash. 

Bicarbonate of potash ; HO, COg + KO, COg ; 1 255.i^ or 
100.61. — Formed by transmitting a stream* of carbonic acid gas 
through'' a saturated cold solution of the neutral carbonate. It 
is soluble in four times its weight of water, at 60«, and in less, 
water at 212®. The solution has an alkaline taste and reaction, 
but is not acrid ; it does not throw doWn magnesia from its 
soluble salts 5 it loses carbonic acid when evaporated at all tem- 
peratWes, and becomes neutral carbonate. The salt contains 
one proportion of water, which is essential to it, and crystal- 
well ni prisms of eight sides, having dihedral summits. 
The existfoce of a sesquicarbonate of potash is doubtful. 

Sulphate of potaHk;^^0, 80^ \ I091.J or S7.43. This salt 
precipitates wdieu oil of vitriol is added drop by drop to a con- 
centrated solution of potash. It is generally prepared by neu- 
tralising the 'residue, composed of bisulphate of potash, of the 
nitric acid process, (page 292), aij^ crystallizes in double pyra- 
mids of six faces, or in oblique Tour-sided prisms. The crystals 
are anhydrous, unalterable in air, ‘and they decrepitate strongly 
when heated; their dei.sity is 2,il00. The sulphate is one of 
the least soluble of the neutraf^alts of potash ; 100 parts of 
water dissolve 8.86 parts of this salt at 32®, and 0.09666 parts 
more for each degree above that point, ^ 

Hydrated hisuJ/di&te 'of potash^ or Sulphate of water and po- 
tosh ; HO, SO 3 “f jeO, SO 3 ; 1 704.7 or 436.59. — The fusible salt 
remaining w'hen nitrate of potash Is decomposed in a retort by 
two equivalents of oil of vitriol. Below 386,6® (197® cent.), it is 
a white crystalline mass. This salt is very soluble in water, but 
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is partially flecomposed by that liquid, aftd deposits sulphate of 
potash. It crystallizes from a strong solution in rhombohedral 
crystals, of which the form is identical with one of the forms of 
sulphur* But this salt is dimcgi-phous and crystallizes from a 
state of fusior# by heat in large crystals, which have the form 
of felspar (Mitscberlich.) It was the only bisulpbate of potash 
known before the unexpected discovery of another salt de- 
scribed below. Its density is 2.1(53. The excess of acid in this 
salt acts upon metals and altcaline. biases, very much as if it 
were free. 

Hydrated sesquisutphate of potash ; HO, SOa -f 2 (KO, SO3). 
— A salt in prismatic needles discovered by Mr. Phillips, and 
wduch has also accidentally occurred since to M. Jacquelin. "ft 
is decomposed by water; the circumstances necessary for its 
formation are unknown. 

Anhydrous bisulphate of potash ; ^£.0 + 2803; 1592.2 or* 
127.59. — It appears, by M. Jacquelin’s res^earches*, that this 
salt almost uniformly presents itself when sulphate of potash, 
and not less than one and a half equivalents of oil of vitriol are 
dissolved together in distilled water, and the solution evapo- 
rated. It crystallizes in prismatic needles, of whjjjh t|ie den- 
sity is 2.277^ and point of fusion 410° (210" cent.) Left in 
their mother liquor, these crystals gradual!/ disappear, and hi 
their place, large rhombohedral crystals of the hydrated bisul- 
phate are formed. The anhydrous salt may be dissolved and 
crystallized again from a quantity of hot water, not more tlian 
sufficient for its solution, but is decomposed by ^ larger quan- 
tity of water. This sulphate is analogous to the Jhchrornate of 
potash ; the constitution of these anormal salts has already been 
made the subject of reiiark Xpage 328). 

Sulphate of potash combines with hydrated nitric and phos- 
phoric acids^ as well as witlT hydrated sulphuric acid. On dis- 
solving the neutral salt in nitric acid, a^iittle nitre and hydrated 
bisulphate of potash are formed, with a large quantity of a salt 
in oblique prisms, of which the forinula is HO, NO,^ + 2(KO, 
SO3). Tins last salt fuses at 302® (15(>^ cent.); its density is 
2.38 (Jacquelin). The compound with phospiVoiic acid is formed 
by dissolving sulphate 6f potash in a syruj>y solution of that 
acid, and crystallizes m oblique prisms of six sides, which fuse 


* All. dt*. Ch. ct dc Ph. t. 70, p. 311. 



456 


POTASSIUM. 


at 464«^ {240o c5erit.)i» of which the density is 2. 296 (Jacque^ 
liu.) Its formula is SHO, P05^-f-2K0, SO3. It will be ob- 
serve that both these compounds agree with Mn Phillips’s 
sesquisulphate, irf* having two .of sulphate of potash to one of 
hydrated acid. * ^ i 

Nitrate , of potash^ Nitre^ Saltpetre; KO, NOgj 1266.9 or 
101.53. — Nitric acid is formed in the decomposition of animal 
matters containing nitrogen, when they are exposed to air, and 
are in contact with alkaline substances. It appears to be 
largely produced in this ' way in the soil of certain districts of 
India, from which nitrate of potash is obtained by lixiviation. 
Nitrous soils always contain much carbonate of lime, the debris 
of tertiary calcareous 'rocks, in which the oxygen and nitrogen 
of the air unite, according to some, assisted by the porous 
structure of the rock, and under the influence of an alkaline 
base, so as to generate nitric acid without the intervention of 
animal matter. But this conjecture is not founded upon experi- 
riment ; nor is it a necessary hypothesis, since nitrifiable rocks 
are never entirely destitute of organic matter. Nitrate of po- 
tash is also prepared in some countries of Europe, by imitating 
the natural' process, in artificial nitre-beds, wherein nitrate of 
lime w formed, and afterwards converted into nitrate of potash 
by the addition 62 wood- ashes to the lixivium^. 

^ Nitrate of potash generally crystallizes in long striated six- 
sided prisms, is anhydrous, unalterable in the air, fusible into 
a limpid liquid by a h^at under redness, in which condition it is 
cast in naoulds, and forms sal prunelle. Its density is 1 .933 
(Dr. Watson). According to (Jay-Lussac 100 parts of water 
dissolve 13.3 parts of this salt at 32o, 29 parts at 64.4o, 74.6 
parts at 96.8°, and 236 parts at 2p6.6o^ The taste of the solu- 
tion is cooling and peculiar; it has coiisiderable antiseptic pro- 
perties.- Nitre is insoluble in ab^lute alcohol. 

« The latest writer upon nitrification is Professor Kuhlman, whose observations 
and original experiments are valuable, but do not lead to any general theory 
of the process. He did not succeed in causing oxygejr and nitrogen gases to 
combine, by means of Ty platinum, but he found that, under the influence of 
that substance, (l^-V^BP^npori sable compounds of nitrogen including ammonia, 
mixed with air, with oxygen, or with an oxidating gas, change into nitric acid or 
peroxide of nitrogen j and (2**) that all the vaporisablii!: compounds of nitrogen, in- 
eluding nitrjc acid, mixed with hydrogen or a hydrogenous gas,<give rise to am- 
monia.— (Memoirs of the Academy of Sciences of Lille, 1838, and Liebig's An- 
nalcn, Vol. 29, p. 272, 1839.) 
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From the lai^^ quantity of oxygen wKich nitre contains, and 
the facility with which it imparts that element to combustibles 
at a ref} heat^ it is much employed in making gunpowder and 
other deflf^rating mixtures. An intimate mixture of nitre in 
fine powder with l-3rd of its weight of wood charcoal, when 
touched by a body in ignition, bums with great brilliancy, but 
without explosion. A mixture of 3 parts of nitre, 2 of dry car- 
bonate of potash, and 1 of pulphur, forms pulvis fulmimnsy 
which heated gently till it fenters into ^fusion, inflames suddenly, 
and explodes with a deafening report. The violence of the ex-^ 
plosion is caused by the reaction between the sulphur and nitre 
being instantaneous, from their fusion and perfect intermixture, 
and the consequent sudden formation of much nitrogen gas from 
the decomposition of nitric acid. Gunpowder contains both 
sulphur afhd charcoal, of w^hich the fonupr serves the purpose of 
accelerating the process of deflagration and supplying heat,® 
while the latter supplies much of the gas, to the formation of 
which the available force of the explosion is due. Gunpowder 
yields about 300 times its volume of gas, measured when cold ; 
but its explosive force is greater than this indicates, from the 
high temperature of the gas, and not less than ^OOQ atmos- 
pheres. The ordinary proportions of gunpowder approach very 
nearly 1 eq. of nitre, 1 of sulphur, and 3 of tjarban,^as will be 
seen by the following comparison 

COMPOSITION OP GUNPOWDER, 


Theoretical Mixture. 

English. 

I’rnssian. 

Sulphur 

. 11.!) ; 

. 12.5 

. . 11.5 

Charcoal . 

. 13.5 • . 

. 12.5 

. •. 13.5 

Nitre . . 

. 74.6 . 

# a 

. 75. 

. . 75. 


100. 

100. 

100. 


By the combustion of the'^ixture, carbonic acid and nitrogen 
gases are formed, with a solid residue of protosulphuret of 
potassium. Thus : — 

DEyLAGRATION OF GUNPOWDER. 


Before Decomposition. 


3 Carbon. 

Nitrate of 
Potash. 


3 Carl:¥)n.. 
fG Oxygen. ^ 
< Nitrogen. _ 
I Potassium. 


> ccompo si t io n , 

3 Carbonic acid. 
Nitrogen. 


Sulphur. 


Sulphur. 



Sulphurct of potassiutn. 
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A portion of the potash is always rconvcrted into sulphate of 
potash, which must interfere with the exactness of this deeom- 
position^ Blasting powder is composed of 20 sulphury J 5 char- 
coal, and 65 nitre'-, the proportion of sulphur being increased, 
by which a more powerTufty explosive mixture is obtained, but 
which is n^t suitable for fire-arms, as they are injured by an 
excess of sulphur. The most inflammable charcoal is employed 
in making gunpowder; which is obtained by calcining branches 
of about 3-4ths of an in^h in diameter, in an iron retort, for a 
" considerable tigie, at a heat scarcely amounting to redness, and 
which has a brown colour without lustre. The granulation- of 
gunpowder increases its explosive force. A charge is thus made 
sufficiently porous to hllow flame to penetrate it, and to kindle 
every grain composing it at the same time. But still the dis- 
charge of gunpowder is not absolutely instantaneous ; and it is 
‘remarkable that other explosive compounds which burn more 
rapidly than gunpowder, such as fulminating mercury, are not 
adapted for the movement of projectiles. Their action in ex- 
ploding is violent but local ; if sijbstituted for gunpowder in 
charging ordinary fire-arms, they would shatter them to pieces, 
and not^ prJiect the ball. It is a comnfion practise to mix with 
the charge of blasting powder, used in mining, several times its 
bulk of sawdust,' which renders the combustion of the powder 
f still slower, but productive of a sustained effort, most effectual 
in nfoving large masi^es. 

Chltyrate of potash ^ .XO, CIO^; 1532.6 or 122.81. — ^^Phis salt 
is the result of a reaction between chlorine and potash, which 
has already been explained (page 369.) In the preparation of 
chlorate of potash a strong solution of two or three pounds of 
carbonate of potash is made, and chlorine passed through it. 
The gas' is conducted into the liquid by a pretty wide tube, or 
better by a tui)e terminated by Si* funnel, to prevent its being 
choked by the solid salt which is formed. A stage in the pro- 
cess can be observed, before the liquid has discharged much car- 
bonic acid, when bicarbonate, chlorate, ai\d hypochlorite of 
potash exist toget^r on solution, and a Considerable quantity 
of chloride of pottf^um is deposited. The latter salt is removed, 
and the current of chlorine continued'' tijl the liquid, which is 
often ored from hypermanganic acid, becomes colourless or 
yellow, an*d ceases to absorb the gas. A cpn^derable quantity 
of chlorate of potash is deposited in tabular shining crystals 
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vi^hich are purified by solution and a secdnd crystalUzation 5 and 
more of the same salt is obtained from the Hquid evaporated 
and set aside to crystallize ; the separation of the chlorate from 
chloride of potassium depending upon the solubility at a low 
temperature ofithe former salt beirfg greatly less than that of 
the latter. When chlorate of potash is prepared upon a still 
smaller scale, caustic potash may be substituted in the preced- 
ing process tor carbonate. The solution, concentrated by heat, 
aflFbrds crystals of chlorate of potash upon cooling. 

Chloride of lime, after it has lost the greater part of its* 
bleaching power by keeping, a condition in Which it is occa- 
sionally met with in commerce, contains chlorate of lime, and is 
available in the preparation of chlorate of*potash. The solution 
of the lime salt is boiled for some time, to complete its change 
into chlorate and chloride ; and then is gartially decomposed by 
means of carbonate of potash, or evaixoratedf wdth an admixture • 
of chloride of potassium, when chlorate of potash crystallizes 
out, and chloride of calcium remains in solution (Ldwig.) 

This salt is anhydrous. ^ It appears in flat crystals, of a 
pearly lustre, of which the forms, according to Brooke, belong to 
the oblique prismatic system. Its density is 1.989 (H[*^'»^en- 
fratz). It has a cooling disagreeable taste, like that et nitre. 
According to Gay-Lussac, 100 parts of watef dissolve SJ parts 
of chlorate of potash at 32% 6 at 59% 12 at 95% 19* at 120.2% 
and 6‘0 at 219.2% the point of ebullition of.a saturated solution. 
This salt fuses readily in a glass retort oi^tube, enters into e )ul- 
lition, and discharges oxygen below a red lieat. At a certain 
period in the decomposition, when the mass becqjnes thick, a 
quajitity of hyperchlorate of potash is formed, but ultimately 
chloride of potassium is4:lie sole residue. 

Chlorate of potash deflagrates with combustibles more vio- 
lently than the nitrate. A gflain or two of it rubbed in a warm 
mortar, with an equal quantity of sulphur, occasions smart 
explosions, with the formation of sulphurous acid gas. Inclosed 
with a little phosphorus, in paper, and struck by a hammer, it 
produces a powerful explosion ; but this ejeperiment may be at- 
tended with danger to the operator from the projection of the 
flaming phosphorus. ^ A mixture which, when dry, inflames 
by percussion, and which is applied to lucifer matches, is com- 
posed of this salt, sulphur and charcoal. One of the sim- 
plest receipts for this percussion powder consists in washing out 
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the nitre from 10 purtil of ordinwy gonpowder, with water, and 
mixing the residue intimately, while stOl humid, with 5^ parts 
cf chlorate t>f potash in an extremely fine powder. This mix« 
ture is highly inflammable when dry, and dangerous to presenre 
in that state. 

HypercMorate of potash; KO, CIO^; 173*2.6 or 13fi.83. — 
Processes for preparing this salt have already been described 
under hyperchloric acid (page 3^70). It is also formed in a 
strong solution of chlorate of potash contained in the decom- 
' posing cell of a voltaic battery, this salt being deposited in small 
crystals upon the zincoid, and no oxygen liberated there. It 
requires 55 parts of water to dissolve it at 59®, but is largely 
soluble in boiling wat^. It crystallizes in octohedrons with a 
square base, which are generally small ; they arc anhydrous. 
It deflagrates less strongly with combustibles than the chlorate ; 
loses oxygen at 4()0°, and is completely decomposed at a red 
heat, chloride of potassium being left. 

lodate of potash', KO, lOyj 2669.4 or 213.92. — This salt 
may be formed by neutralising the^phloride of iodine with car- 
bonate of potash, instead of carbonate of soda (page 390). It 
gives small'anbydrous crystals which fuse by heat, and lose all 
their S^ygen. Iodic acid likewise forms a biniodate and a terio- 
date of potash, adoording to Serullas*. The bimodate is obtained 

adding an additional proportion of iodic add to a solution of 
neutral iodate saturated at a high temperature ; it contains an 
equivalent of water, 'hat may be made anhydrous by a strong 
heat, according to my own observations. It occurs in prisms 
with dihedra[ summits, and requires 75 parts of water at 59* to 
dissolve it. The teriodate is obtained on mixing a strong add, 
such as nitric, hydrochloric, or siUphnric, with a hot saturated 
solution of the neutral iodate, and allowing it to cool slowly. 
It crystallizes in rhombohedrons, Shd requires 25 parts of water 
to dissolve it. 

Serullas has observed that the biniodate of potash has a great 
disposition to form double salts. A compound with chhrxde 
of potoissium, to wbjph he assigned the' formula KCl + KO, 
1 jOie, is obtainedifn adding a little hydrochloric acid to a solu- 
tion of iodate of potash, and allowing 'tli^ solution to evaporate 
spontaneously. This salt crystallizes well, but afterwords loses 


* Anti, de Cb, df Pfays* t* 43. 
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its transparency in the air. It is decomposed by water, and 
cannot be formed by uniting its oonstitueut salts. Another 
compound oontams bisulphate* of potash; KO, SaOg + KO, 
IgOjg. This salt is obtained from the mother liquor which remains 
in the preparation of the teriodate of pdtash, after treatment with 
sulphuric acid. When that liquor is evaporated by Jieat, this 
salt is deposited in transparent regular crystals. Like the pre- 
ceding salt it is decomposed by water, and cannot be formed 
directly. These two salts and*the>teripdate of potash, merit a 
re-examination, in reference to their containing water as a con- 
stituent. 


SECTION II. 

SODIUM. 

Syn, Natrium. Eg. 2*91 or 23.31; Na. 

Davy obtained this metal bj the voltaic decomposition of soda, 
immediately after the discovery of potassiuin. An intimate mix- 
ture of charcoal and carbonate of soda is. obtained by calcining 
acetate of soda, from which sodium is commonly ptepai^d, ac- 
cording to the method described for potas8iam,^nd with greater 
facility, owing to the ijuperior volatility of this metal. 

Sodium is a white metal having the aspect of silver. Its 
density is 0.972, at 59®, according to Gay-L*ussac and Thenard. 
This metal is so soft, at the usual temperature, that it may be 
cut with a knife, and yields to the pressure of the lingers ; it is 
quite liquid at 194". It oxidates spontaneously iif the air, al- 
though not so quickly a| potassium ; and when heated nearly 
to redness takes fire and burns with a yellow flame. Thrown 
upon water, it oxidates with gaeat vivacity, but without inflam- 
ing, evolving hydrogen gas; and forming nn alkaline solution of 
soda. When a few' drops only of water are applied to sodium, 
it easily becomes sufficiently hot to take fire. 

As potassium is^n some degree characteristic of the vege- 
table kingdom, so sodium is the alkaliqe Invtal of the animal 
Idngdom, its salts being •found in all 'animal^ fluids. Both of 
these elements occur ill the mineral world ; of the two, per- 
haps, potassium is most extensively diffused ; felspar, the most 
common of minerals, containing 12 per cent, of potash, but 
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frcm ihe ^stence everywhere of a soluble compound of sodium 
its chloride, the sources of that element are the more accessible, 
It not most abundant. 

anhydrous protoxide of.sodium and the peroxide are prc* 
pared in the same manned as the corresponding lOxides of potas- 
sium^ whi<d^i they greatly resemble in properties. The composi- 
tion of the peroxide of sodium> however, is different^ being 
expressed by the formula 2Na4'30 (Th^nard). It is supposed 
by M. Millon to be Na-jr20., ^ 

COMPOUNDS OF SODIUM. 

Soda; Na O 5 391 or* 31.31. — A solution of soda is obtained 
by decomposing the fcrystallized carbonate of soda, dissolved in 
4 or 5 times its weight of water, by means of half its weight 
of hydrate of lime ; th^e same points being attended to as in the 
preparation of potash. A preference is given to this alkali 
from its cheapness, for most manufacturing purposes, and in 
the laboratory it may generally be substituted for potash, where 
a caustic alkali is required. On the large scale it is prepared 
from salts of soda, a cilir})onate containing chloride of sodium 
and ^Iphqte of soda. The solution of soda is purified from 
these salts by concentrating it considerably, upon which the 
foreign ^Its cedse to be soluble in the liquid and precipitate 
(Mr. W. Blyth). 

The following teble, constructed by Dr. Dalton, exhibits the 
quantity of caustic soda in solutions of different densities : — 


SOLUTION OF CAUSTIC SODA. 


' ■ — ' f ■ — ^ 

DeoBlty of 
^ the solution. 

Alkali 
per cent. 

Density of 
the solution* 

Alkali 
pkr cent. 

2.06 

77.8 

1.40 

29.0 

3.85 . 

63 6 

* U6 . 

26.0 

1.72 

r 53.8 

1.32 

230 

IM 

. f 46.6 

• 1.29 

19.0 

1.56 

. 41.2 

1.23 

i . 16.0 

1.50 * 

36 d 

1.18 

13.0 

L47 . 

34.0 

1.12 

i . 9.0 

1.44 . 

. 31.0 

1.06 

1 . 4.7 


The solid hydi^itfe 6{ soda is obtained by evaporating a solu- 
tion of sock, in the same manner as the coiresponding 

preparation l>Otash. It is soluble in all proportions in water 
and alcoTiol. 

Soda is distinguished from potash and other bases by several 
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properties : — 1st All its salts are soluble in water, and it is 
therefore not precipitated by tartaric acid, chloride of platinum, 
or any other reagent 2nd. With sulphuric acid it affords a salt 
which crystallizes in large, efflorescent prisms, easily recognised 
as Glauber’s ijph. 3rd, Its salts communicate a rich yellow 
tint to flame, 

Su^hurets of These compounds so dosely resemble 

the sulphurets of potassium as not to require a particular des- 
cription, The protosulphurfet qf sodium crystallizes from a 
strong solution in octohedrons. This salt contains water 
crystallization; in contact with air it rapidly parses into caustic 
soda, and the hyposulphite of the same base; 

Chloride of sodiuMy Sea salty Commonjsalt ; Na Cl ; 733.6 or 
58, 78.— Sodium takes fire in chlorine gas, and combining with 
that element, produces this salt. The chloride of sodium is 
also formed on neutralising hydrochlofic acid, by soda or its^ 
carbonate, and is obtained thus in the greatest purity. Sea- 
water contains 2.7 per cent of chloride of sodium, which is the 
most considerable of its saline constituents (analysis of saa- 
water at page 266). Salt is obtained from that source in 
warm climates, as at St, Ubes, in Portugal, on’ the fioast of the 
Mediterranean near Marseilles, and other places >^here .^.ponta- 
neous evaporation proceeds rapidly; t^he sqji-water being re- 
tained in shallow basons or canals, on the surface t>i which p 
saline crust forms, with the progress of evaporation, which is 
broken and raked out. Sea-water is also Evaporated artificially, 
by means of culm, or waste coal, as fuef, on some parts of the 
coast of Britain, but as much for the sake of the bittern as of 
the common salt it affords. The evaporation is ifot carried to 
dryness, but when the greater part of the chloride of sodium is 
deposited in crystals, the motlier liquid, which forms the bittern, 
is drawn off ; it is the sourca of much of the Epsom salt and 
other magnesian preparations of commerce. Other inexhausti- 
ble sources of common salt are the beds of sal-gem or rock 
salt, which occur in several geological formations posterior to 
the coal, as at Nd^thwich in Cheshire, in Spain, Pqland, and 
many other localities. These beds^ Eppear to have been 
formed by the evaporation of salt laKes without an outlet, in 
which the saline matter, continually supplied by rivers, had 
accumulated, till the water being saturated, a deposition of 
salt took place upon the bottom of the lake. The salt is some- 

H a* 
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times sufficiently pure for its ordinary uses, as it is taken from 
these deposits, but more generally it is coloured brown from an 
admixture of clay, and requires to be purified by solution and 
filtration. Instead of sinking a shaft to the bed of rock salt, 
and mining it, the superidr strata are often pierced by a bore 
of merely a^few inches in diameter, by which water is admitted 
to the bed, and the brine formed drawn off by a pump and pipe 
of copper suspended in the same tubular opening. 

Chloride of sodium cr^ystallizes from solution in water in 
«:3ubes, and sometimes from urine and Squids containing phos- 
phates in the allied form of the regular octohedron. Its crys- 
tals are anhydrous, but decrepitate when heated, from the ex- 
pansion of water confined between their plates. According to 
the experiments of Fuchs, pure chloride of sodium has exactly 
the same degree of solubility in hot and cold water, requiring 
•2.7 parts of water to dissolve it ; or 100 parts of water dissolve 37 
of salt at all temperatures. Ihe composition of such a solution 
corresponds exactly with 1 eq. of salt to 18 eq. of water. Gay- 
Lussac makes the boiling point of a saturated solution 229.5®, 
but that temperature is too high (I believe,) for a solution of 
pure chloridb of sodium. When a saturated solution is exposed 
to a lol^ temperature, between 14^ and 5% the salt crystallizes in 
hexagonal tables,* which have two sides larger than the others. 
iFuchs found these crystals to contain 6, and Mitscherlich 4 
equivalents of wafer. If their temperature is allowed to rise 
above 14®, they undecgp decompositioii, and are converted into 
Ti congeries of minute cubes, from which water separates. 

Pure chloride of sodium has .an agreeable saline taste, deli- 
quesces slightly in damp weather, and dissolves largely in recti- 
fied spirits, but is very slightly sol;ible%in absolute alcohol. Its 
density is 2.557 (Mohs). It fuses at a bright red heat, and at 
a higher temperature rises in vapotrr. It is immediately decom- 
posed by oil of vitriol, frith the evolution of hydrochloric acid. 
Besides being used as a seasoning for food, chloride of sodium 
is employed in the preparation of the sulphate and carbonate of 
soda. When ignited in contact with clay ^ntaining oxide of 
iron, the sodium of tliis salt becomes soda, and unites Ivith the 
silica of the clay,* while the chlorine combines with iron, and is 
volatilised. On this decomposition is founded the mode of 
communichting the salt-glaze to pottery : a quantity of salt is 
thrown into the kiln, where it is converted into vapour by the 
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heat, and condensing upon the surface of the pottery causes its 
vitrification, which is attended with the formation of hydro- 
chloric acid, and perchloride of iron. 

The bromide and iodide of •sodiuip crystallize in cubes, and 
resemble in ptoperties the corresponding compounds of potas- 
.slum. The other compounds of sodium are not\)f particular 
interest. 

• 

SALTS S(yOA. 

Carbonate of soda; NaO, 002+ lOltO''; 66*7.3 + 1125, or 
53.47+90. — ^This useful salt is found nearly pure in commerce, 
in large crystals, which effloresce when exposed to air. These 
crystals contain 1 0 equivalents of water, and consist in 100 parts, 
of 21.81 soda, 15.43 carbonic acid, and 62.76* water. According 
to Dr. Thomson, they generally contain about i per cent (Tf 
sulphate of soda, as an accidental impurity. Their form ap- 
pears to belong to the oblique prismatic system. Their density 
is 1.6*23; 100 parts of water dissolve 20.64 of the crystals at 
58.25®, and more than an equal weight at the boiling tempera- 
ture (Dr. Thomson). In warm weather the carl^pj^^te of soda 
sometimes crystallizes in another form of crystal, which is not 
efflorescent, and of which the proportion (?f water^ls variously 
stated by Mitscherlich and Thomson at 7 and 8 equivalents* 
A third hydrate was obtained by Mohs, .on allowing a solution 
of carbonate of soda, saturated between 68® and 86°, to cool ; 
which was found to contain 17 *74 percent, of water, a result 
somewhat excetvJing 1 equivalent. On evapor^ing a solution 
of carbonate of soda at the boiling point, the salt precipitates in 
a powder, which contains irearly the same proportion of 'water. 

This salt has a disagreeable ^kaline taste. When heated it 
undergoes the watery fusiop its water is soon dissipated, and 
a white anhydrous salt remains, which again becomes liquid at 
a red heat, undergoing then the igneous fusion. A mixture of 
carbonates of pc^j&sh and soda is more fusible than either salt 
separately. 

Carbonate of soda is prepared by a process which will be 
described immediately^ under the head of sulphate of soda. 
Much of the carbonate of commerce is not crystallized, but 
simply evaporated to dryness, and is then known as salts of 
soda* In this form it always contains chloride of sodium, sul- 

H II 2 
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phate of soda, and often insoluble matter, and varies consider- 
ably in value. The soda in combination with carbonic acid 
only, is available in the application of the salt as an alkaline 
substance. The pure anhydrous carbonate of soda consists of 
58.58 soda and 41.42 carbonic acid, but the besP soda-salts of 
commerce rarely contain so much as 50 per cent, of available 
soda. The operation of ascertaining the proportion of alkali in 
these salts, and in other forms of tjte carbonate of soda, is a pro- 
cess of importance from itv frequent occurrence, and interesting 
as a method of analysis of easy execution and applicable to a 
great variety of substances. I shall therefore describe minutely 
the mode of conducting it. 

ALKALIMETRY. 

< 

' The experiment is to find^ how many measures of a diluted 
acid are required to destroy the alkaline reaction of, and to 
neutralise 100 grains of a specimen of soda-salt. (1) The acid is 
measured in the alkalimetcr, which is a straight glass tube, or 
Fig. 47. very narrow jar with a lip, about 

a 5-8tbs. of an inch in width, and 
^14 inches in height, mounted 
^ upon a foot, as a of figure 47? 

: capable of containing at least 
' 1000 grains of water. It is 
: graduated into 100 parts, each 
- of which holds ten grains of 
: water. In the operation of di- 
^ viding such an instrument it is 
: more cbnvenient to use mea- 
y sures of mercury than water; 

^ l.sS’.eS grains of mercury, being 

in bulk equal to 10 grains of water, 678.40 grains will be equal 
to 50 . grains of water. A unit measure may be formed of a 
pipette, b in figure 47, made to hold the las^ quantity of mer- 
cury, into which the ^metal is poured, the opening at the 
point of the pipette bein^r closed by the finger, and the height 
of the mercury in •the tube marked by a ^scratch on the glass, 
made by a triangular file. The bulk of twice that quantity of 
mercury, or 100 water grain measures, may likewise be marked 
upon the ^tube. The former quantity of mercury is then de- 
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canted from tbe tube into the alkalimetfer to be graduated^ and 
a scratch inade upon the latter at the mercury surface: this is 
5 of the ten-grain water measures. Another measure is added 
and its height marked ; and the.same repeated till 20 measures 
of mercury in all have been added, which are 100 ten-grain water 
measures. The subdivision of each of these measures into 5 is 
best made by the eye, and is also marked on the alkalimeter. 
The divisions are lastly numbered, 6, 5, 10, &c., counting 
from above downwards, and ‘terminating with 100 on the sole 
of the instrument. Several alkalimeters may be graduated atf 
the same time, with little more trouble than one, the measured 
quantities of mercury being transferred from one to the others 
in succession. The French alkalimeter, d of figure 47, is a more 
convenient instrument to pour from, but it is too fragile for 
common use. 

(2) To form the test acid, 4 ounces avoirdupois of oil of 
vitriol are diluted with 20 ounces *of water ; or larger quantities 
of acid and water are mixed in these proportions. About Jths 
of an ounce of bicarbonate of soda is heated strongly by a lamp 
for a few minutes, to obtain pure carbonate of soda ; of which 
171 grains are immediately weighed; that quantity, or more 
properly 170.6 grains, containing 100 grains of soda. This 
portion of carbonate of soda is dissolved iia 4 or 5 ounces of 
hot water; and the alkalimeter filled up to 0, witf) the difutt.* 
acid. The acid is poured gradually into the soda solution, till 
the action of the latter upon test-pap^ir. ceases to be alkaline, 
and becomes distinctly acid, and the measures of acid necessary 
to produce that change accurately observed. It may probably 
require about 90 measures. But it is convenient to have the acid 
exactly of the strength at which’ 100 measures of it saturate 100 
grains of soda. A plain cylindrical jar c, of which the capacity- 
is about a pint and a half is graduated into 100 parts, each con- 
taining 100 grain measures of w^ater, or^ten times as much as the 
divisions of the alkalimeter. The divisions of this jar, however, 
are numbered from the bottom upwards, as is usual in mea- 
sures of capacity. This jar is filled ujj^with the dilute acid to 
the extent of 90, or whatever number of the alkalimeter divi- 
sions of acid were fouifd to neutralise 100 grains of soda; and 
mater is added to make up the acid liquid to 100 measures. 
Such is the test acid, of which 100 alkalimeter measures neu- 
tralise, and are equivalent to 100 grains of soda; or 1 measure 
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of acid to 1 grain of solla. It is transferred to a stock bottle- 
The remainder of the original dilate acid is diluted with water 
to an equal extent, in the same instrument, and added to the 
bottle. The density of this acid is 1.0995 or 1.0998, which is 
sensibly the same as 1.1 1 ^By a curious coincide*ice, strong oil 
of vitriol diluted ‘with 1 1 times its weight of water, gives this 
test acid exactly ; but as oil of vitriol varies a little in strength, 
it is better to form the test acid in the manner described, than 
to trust to that mixture. ^wentyA)ne measures of the test acid 
thould neutralise 100 grains of cr. carbonate of soda; and 58.5 
measures, 100 grains of pure anhydrous carbonate of soda. 

(3) In applying the test acid, it is poured from the alkali- 
meter, as before, upon iOO grains of the soda- salt to be tested, 
dissolved in two or three ounces of hot water. The salt contains 
so many grains of soda, as it requires measures of acid to neu- 
tralise it ; and therefore so much alkali per cent. If the soda- 
salt is mixed with insoluble matter, its solution must be filtered 
before the test acid is added to it. In examining a soda-salt 
which blackens salts of lead, and contains both carbonate of 
soda and sulphuret of sodium, 100 grains are tested as above, 
and the whdie alkali in both salts thus determined. A neutral 
solution of chloride of calcium is also added in excess to the so- 
lution of a second hundred grains, by which the carbonate of 
^oda is converted into chloride of sodium, while carbonate of 
lime precipitates. The filtered liquid is still alkaline, and con- 
tains all the sulphuret qf sodium ; the quantity of soda corres- 
ponding with which is ascertained by means of the test acid. 
The diflference between the quantities of alkali observed in the 
two experiments is the proportion of soda present, as carbonate. 

Borax also may be analyzed by ^he ^^ame test acid, and will 
be found when pure to contain 16.37 per cent of soda. The 
carbonates of potash may also be examined by the same means, 
but the per centage of alkali must then be estimated higher than 
the measures of acid neutralised, in the proportion of the equiva- 
lent of soda to th^t of potash, which are to each other very 
nearly as 39 to 59. The test paper employed in alkalimetry 
must be delicate. It should be prepared on purpose, by dipping 
good letter-paper j|,everal times in a filtered infusion of litmus, 
and drying it after each immersion, till tKe paper is of a deep 
purple colour. A test paper prepared with cudbear in the same 
way answers still l)etter, but the latter colouring matter is not 
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easily obtained of good quality. The operator must also make 
himself familiar witii the diiference between the slight reddening 
of his test paper, by carbonic abid, which is disengaged, and the 
unequivocal reddening produced^ by a strong acid, which last is 
the indication $0 guide him. 

Bicarbonate of soda; HO, CO^+NaO, C 02 ;^ 1056.2 or 
84.64,— This salt is prepared by transmitting a stream of carbo- 
nic acid through a saturated solution of the neutral carbonate; 
it is then deposited as a fartnaqpous powder, but may be ob- 
tained in crystals from a weaker solution. It requires 1 3 time^« 
its weight of cold water to dissolve it. Although containing 
two equivalents of acid, this salt is alkaline to test paper, but its 
taste is much less unpleasant than the. neutral carbonate, and 
indeed is scarcely perceived when combined with a little common 
salt. The proportion of altcali in bicarbonate of soda is 37.0 per 
cent, but the salt of commerce general!/ contains upwards of 40^ 
per cent, owing to the presence of* neutral carbonate in the state 
of protohydrate, which last salt may be separated by a small 
quantity of water. 

The bicarbonate of soda is also obtained otherwise by an in- 
teresting reaction. Equal weights of common saU; and carbo- 
nate of ammonia of the shops are taken ; the form^ is dissolved 
in three times its weight of water, and th^ latter added in a 
state of fine powder to this solution, the whole stirred w ell toge- 
ther, and allowed to stand for some hours. The bicarbonate of 
03 ?ide of ammonium present reacts up^oif chloride of sodium, 
producing the sparingly soluble bicarbonate of soda, which preci- 
pitates in crystalline grains and causes the liquid to become 
thick, and chloride of ammonium (sal ammoniac), which re- 
mains in solution : — ^ 

HO, COj+Ntf^O, COa and Na Cl= 

HO, COj + NaO, COa and NH 4 Cl. 

The solid bicarbonate of soda is sepaiated frqm the liquid by 
pressure in a screw press ; but retains a portion of chloride of 
sodium, Messrs. Hemming and Dyer, who first observed this 
reaction, have proftesed to found upon it a process for obtaining 
carbonate of soda from common salt, 

Sesquic^rbonat^ of soda; 2 Na 0 -/ 3 C 02 4'4H0 ; 2061 or 
163.15.— This salt pi^ents itself occasionally in small prismatic 
crystals, but cannot be prepared at pleasure. It is ^inalterable 
in the air, but is decomposed in the dry state, I find, by a less 
degree of heat than the bicarbonate, notwithstanding its con- 
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taining a smaller excess of carbonic acid. The theoretical 
carbonate of water, supposed to rpsemble the carbonate of magne- 
sia, will be HO, COg, HO-f2HO; which gives the salt in ques* 
tion, if the last 2110 are replaced by two proportions of proto- 
hydrated carbonate of so Ja. Substitutions of **this character 
appear to be common, in the formation of double carbonates and 
oxalates. The bicarbonate of potash may be formed by the 
substitution of carbonate of potash for the first HO, in this car- 
bonate of water, while the other 2HO disappear. This salt oc- 
curs native in .several places, particularly on the banks of the 
lakes of soda in the province of Sukena, in Africa, whence it is 
exported under the name of Trona^ in Egypt, Hungary, and in 
Mexico, and has the same proportion of water as the artificial 
salt. 

Sulphate of soda^ Glifubers salt ; NaO, SO 3 + lOHO ; 81^2.1. 
-f 1125, or 71-48 -f- 90. — ^This salt occurs crystallized in nature, 
and also dissolved in mineral waters, and is formed on neu- 
tralising carbonate of soda by sulphuric acid. But it is more 
getierally prepared by decomposing common salt with sulphuric 
acid, as in the process for hydrochloric acid (page 3fi2.) The 
sulphate of *^oda crystallizes readily in long prisms, of which the 
sides are often channeled, which have a cooling and bitter taste, 
and contain 55.70 per cent of water, or 1 0 equivalents ; in which 
'they fuse by a slight elevation of temperature, and which the^ 
lose by efflorescence jn dry air. At 82®, 100 parts of water dis- 
solve 5.02 parts of anhydrous sulphate of soda, 50.65 parts at 
.91®, which is the temperature of maximum solubility of this 
salt, and 42.^5 parts at the boiling temperature. In a super- 
saturated solution of this salt (page 263), crystals are sometimes 
slowiy deposited, which are different ife form and harder than, 
Glauber's salt ; they contain 8 equivalents of water. A satu- 
rated solution of sulphate of soda, kept at a temperature be- 
tween 91® and lOi®, affords octohedral crystals with a rhombic 
base, which are anhydrous. They are isomorphous with the 
hy permanganate of barytes.* Their density^is 2.642. The an- 
hydrous salt fuses at a bright red heat, 'without loss of acid. 

Sulphate of soda was at r)ne time the salijrie aperient in common 

«' 

* Dr. Clark considers this isomorphism not forluitous, and founds on it an 
interesting speculation respecting the constitution of soda. It leads him to 
double the atomic weight of sodium, or to estimate it at 582, which he 
represents by So, and to make soda a peroxide, O3, which like 

other peroxides anites with as many proportions of acid as It contains of 
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usC) but is now superseded by sulphate oT magnesia. It is still, 
however, combined with the tartrate of potash and soda, in 
Seidlitz powders. 


PREPARATION CARBONATE OF SODA FROM THE SULPHATE, 


The sulphate of soda is chiefly formed, as a step .in the pro- 
cess of preparing soda from common salt. The same manufac- 
ture requires large quantities of sulphuric acid, not less than 
12,000 tons of sulphur being ‘annually converted into that acid 
in England 5 and by means of the acid, 50,000 tons of salt con-< 
verted into sulphate of soda. From the last, upwards of 50,000 
tons of soda ashj and 20,000 tons of crystallized carbonate of 
soda were manufactured, in 18885 and thcf manufacture is greatly 
bn the increase.* 

A reverberatory furnace is employed in §oda-making and 
various other chemical manufactures, to atFofd the means of ex-« 
posing a considerable quantity of materials to a strong heat, 
of which a perpendicular and a horizontal section are given in 
Fig. 48. 'figure 48. It consists of a fire- 

place a, in which the fuel is burned, 
of which b is the aslf-pit, with a 
horizontal flue expanded into a 
small chamber or oven d </, which 
is raised to a strong re^ heat,1)y 
the reverberation on its walls of 
the flame, heated air from the 




fire, on its passage to the chimney. 
The matters to be heated are placed 
upon the floor of this chamber. It 
Jbas an opening i in the side, for 
the introduction of materials, and 
Another opening g at the end most 


oxygen, or with two. The relation between the two salts is thus brought 
out : — 

Hypermanganaie«i»f barytes is, . , . . BaO + Mn^Oy 

Or, on the binary theory of salts, . . . . Ba + Mn, Og, 

Two atoms of sulphate of soda/ on the sanqfe theory, are Nao + S, Og ; 

Or, 2Na being really " Sb,^' '' So" + S3 Og. 

It will be observed that, as represented by the second and fourth formulce, 
hypermanganate of barytes and sulphate of soda have a similar, atomic con« 
stitution; they should therefore be isomorphous. — (Records of General Sci- 
ence, Vol. IV., page 45.) 

Inforiufttiou supplied by Mr. Muspratt of Liverpool, 


472 


SODIUM. 


distant from the fire ; the chimney is provided with a damper 
by whidi the draught is regulated. 

(1) The sulphate of soda is prepared by throwing 600 pounds 
of common salt into the chamber of the furnace^ already well 
heated^ and running down' upon it from an opening in the roof, 
an equal weight of sulphuric acid of density 1.600^ in a moderate 
stream. Hydrochloric acid is disengaged and carried up the 
chimney, and the conversion of the salt into sulphate of soda is 
completed in four hours/ (2) The sulphate thus prepared is 
reduced to poyrder and mixed with an equal weight of ground 
chalk, and half its weight of small coal ground and sifted. ITiis 
mixture is introduced into a very hot reverberatory furnace, 
about two hundred w'eight at a time. It .is frequently stirred 
until it is uniformly heated. In about an hour it fuses, is theii 
well stirred for i^out Ave minutes, and drawn out with a rake 
' into a cast iron trough, in which it is allowed to cool and solidify. 
This is called ball soda or British barilla, and contains about 22 
per cent of alkali. (3) To separate the salts from insoluble 
matter, the cake of ball soda, wherf cold, is broken up, put into 
vats, and covered by warm water. In six hours the solution is 
drawn off from below, and the crashing repeated about eight 
times, to extract all the soluble matter. These liquors being 
mixed together are boiled down to dryness, and afford a salt 
wWh is principally carbonate of soda, with a little caustic soda 
and sulphuret of sodium. (4) For the purpose of getting rid 
of the sulphur, the saU is mixed with one<*fourth of its bulk of 
sawdust, and exposed to a low red heat in a reverberatory 
furnace for ij^bout 4 hours, which converts the caustic soda into 
carbonate, while the sulphur also is carried off. This product 
contains about 50 per cent of alkali, and forms the soda-salt of 
best quality. (5) If the crystallized carbonate is required, the 
last salt is dissolved in water, allowed to settle, and the clear 
liquid boiled down until a pellicle appears on its surface. The 
solution is then run into shallow boxes of cast iron to crystal- 
lizci in a cool place ; and after standing for a week the mother 
liquor is drawn off, the crystals drained, andT broken up for the 
market. (6) The motl^er liquor, which contains the foreign 
salts, is evaporated to dryness for a sdda salt, which serves for 
soap or glass makmg, and contains about'so per cent, of alkali. 

The most essential part of this process is the fusion of sul- 
phate of soda with coal and carbonate of lime ; by the first, the 
sulphate is converted into sulphuret of sodium (page 448), and 
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by the second the sulphuret ojf sodium isconverted into carbo- 
nate of soda; and, if desirable, these changes may be effected 
separately, by calcining the sulphate with coal and carbonate of 
lime in succession. The lime becomes at the same time sul- 
phuret of calcium, a compound which*wouid destroy the carbo- 
nate of soda, if dissolved along with that salt? iu the subsequent 
lixiviation of the ball soda. But although possessed of a 
certain degree of solubility, the sulphuret of calcium does not 
dissolve in the experiment, from •being in combination with 
lime, as an oxisulphuret of calcium. Hence an excess of lime 
is necessary in the process. The application, however, of very 
hot water to the ball soda is to be avoided, as the oxisulphuret 
is decomposed at a high temperature, and* sulphuret of calcium 
dissolved out. The following diagram will represent the chemi- 
cal changes in this process, supposing for simplicity that cha - 
coal is employed instead of coal, and lime instead of its carbon- 
ate ; the numbers denoting equivalents : — 


REACTION IN THE SODA PROCESS. 

Before decomposition. After decompDiition. 

4 Carbon 4 Carbon 4 Carbonic oxide. 


Sulphate/'^ 


of soda. 

Lime 

Lime 




Sodium 
Sulphur 
Oxygen 
Calcium - 
Lime 




Soda. 


Sulphuret of calcium 
Lime 


1 


The soda deriTes ciirbonic acid, from the carbonate of lime or 
from the fire, and is tiierefore obtained principally as carbonate. 

The insoluble oxisulphuret of calcium of this process is known 
as soda*wa8te. It has hitherto been not merely valueless but 
troublesome to the manufactufer. But the attempt is at pre- 
sent made to turn it to accounC as a souAse of sulphur. Means 
are taken to condense the hydrochloric acid, formerly sent up the 
chimney, and this a^d is applied to the soda-waste, from which 
it disengages sulphuretted hydrogen, and carbonic acid. But 
hydrochloric acid is not produced, in tj^tewda process, in ade- 
quate quantity for this %ipplication of it, and carbonic acid 
evolved with sulphuretted hydrogen might interfere with the 
combustion of the latter. These difficulties, however,* are in a 
great degree removed by the discovery of Mr. Goss^e, that 
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sulpfauret of calcium, "{irhen moistened, is decomposed easily and 
completely by a single equivalent of carbonic acid. Hence the 
application of hydrochloric acid* to the waste may be made, with 
the evolution of nothing but, sulphuretted hydrogen; and the 
deficiency in the quantity^of hydrochloric acid may be made up 
by a supply of carbonic acid, to be applied to the waste^ from 
any other source. The sulphuretted hydrogen is burned, in- 
stead of sulphur, in the leaden chamber, to reproduce sulphuric 
acid. I * ‘ 

Many changes have been proposed upon the soda process. 
Sulphate of iron, produced by the oxidation of iron-pyrites, is a 
cheap salt, and may be applied to convert chloride of sodium 
into sulphate of soda,^^ — (I) by igniting a mixture of these salts 
in a reverberatory furnace, when sulphate of soda, peroxide of 
iron and volatile perchloride of iron are produced : (2) by dis- 
solving the salts together in water, and allowng the solution to 
fall to a low temperature, when sulphate of soda crystallizes, 
and chloride of iron remains in solution (Mr. Phillips); or (3) by 
concentrating the last solution at the boiling point, when tlie 
same decomposition occurs, anhydrous sulphate of soda precipi- 
tates, and \nay l>e raked out of the liquor. Sulphate of magne- 
sia has also been substituted for sulphate of iron, in these three 
modes of application. It has been proposed, instead of fur- 
nacing the sulphate of soda, to decompose it by caustic barytes. 
Chloride of sodium has also been decomposed by moistening it, 
and rubbing it in a mc«*tar with 4 or 6 times its weight of litharge, 
when an oxichloride of lead is formed, and caustic soda liberated. 
The decomj^osition of chloride, of sodium by the carbonate of 
ammonia, with formation of bicarbonate of soda, has already 
Ijeen noticed (l>age 469). It appears^ however, that the soda- 
process first described, which was invented towards the end of 
last century by Leblanc, is still generally preferred to ail others. 

The old sources of fiarbonate \)f soda, namely barilla^ or the 
ashes of the salsola soda, which is cultivated on the coasts of 
the Mediterranean, and kelp^ the ashes of sea-weeds, have 
ceased to be of iraportanGe, at least, in Eiigland. Barilla con- 
tains about 18, and kcIr about 2 per cent of alkali. 

Bisulphate of wda ; HO, S03 + Na0, SO3; 1506.7 or 120.64. 
This salt is obtained in large crystals on adding an equivalent of 
oil of vitWol to sulphate of soda, and evaporating the solution 
till it attains the degree of concentration necessary for crystolliza- 
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lion. If half an equivalent only of oil of vitriol is added, a 
sesqnisulphate of soda is obtained in fine crystals, according to 
Mitscherlich. 

Nitrate of soda; NaO, NO 5 ; •JOfi7-9 or 85.57. — ^This salt 
crystallizes in tke rhomboidal form of calc-spar. It is soluble 
in twice its weight of cold water, and has a tendency to deli- 
quesce in damp air. It bums much slower with combustibles 
than nitrate of potash, and cannot therefore be substituted for 
that salt in the manufacture oV gunpowder. It is now gene- 
rally had recourse to, as the source of nitric aci^. Nitrate of 
soda is found abundantly in the soil of some parts of India ; and 
at Atacama in Peru, it covers large districts, from which it is 
exported in considerable quantity. • 

Chlorate of soda (NaO, CIO5) is formed by mixing strong so- 
lutions of bitartrate of soda and chlorate of potash, when the bi- 
tartrate of potash precipitates, and the chlorate of soda remains 
in solution. It crystallizes in fine tetrahedrons, and is consi- 
derably more soluble than chlorate of potash. 

Phosphates of soda, — There are three crystallizable phos- 
phates of soda belonging to the tribasic class, which I shall de- 
scribe under their old names. 

Phosphate of soda ; HO, 2 NaO, PO 5 + 21 HO; 448G.6 or 
359.15. — This is the salt known in pharmacy as phosphate 
of soda, and formed by neutralising phosphoric acid from 
burnt bones (page 34fi) with carbonate of soda. It crystal- 
lizes in oblique rhombic prisms, which art efflorescent, and es- 
sentially alkaline. The taste of phosphate of soda is cooling 
and saline, and less disagreeable .than sulphate of njpgnesia, for 
which it may be substituted as an aperient. It dissolves in 4 
times its weight of cold water, •and fuses in its water of crystal- 
lization, when moderately heated. When evaporated above 
this salt crystallizes in another form with 14 instead of 24 atoms 
of water (Clark). It is deprived of half* its alkali by hydro- 
chloric acid, but not by acetic acid. 

Subphosphate of soda ; 3Na O, PO 5 -f 24HO ; 4764.5 or 88 1 .78. 
— Formed when an excess of caustic soda is j^ded to the preced- 
ing salt. It crystallizes in slender six^ided prisms with flat 
terminations, which are^ unalterable in air; bu^ the solution of 
this salt rapidly absorbs carbonic acid, and is deprived of one- 
third of its alkali by the weakest acids. The crystals* dissolve 
in 5 times their weight of water at 60®, and undergo the^watery 
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fasion at 170®. This salt continues tribasic after being exposed 
to a red heat, ; 

Biphosphafe of soda; 2HO, NaO, PO5+2HO ; 1733. 1 or 
138.88, — ^Obtained bjr adding tribasic phosphate of water to 
phosphate of soda, till the latter ceases to procfuce a precipitate 
with chloride of barium. The solution affords crystals, in cold 
weather, of which the ordinary form is a right rhombic prism, 
having its larger angle of 93® 54'. But this salt is dimorphous, 
occurring in another right fhombic prism, of which the smaller 
angle is 73® 30', terminated by pyramidal planes, isomorphous 
with binarseniate of soda. The biphosphate of soda is very so- 
luble, and has a distinct acid reaction. Like all the other solu- 
ble tribasic phosphates, it gives a yellow precipitate with nitrate 
of silver, which is tribasic phosphate of silver. 

Phosphate sod^. and ammonia^ Mkrocosmie salt; HO, 
NH4O, NaO, POg-fSHO,— This salt is obtained by heating 
together 6 or 7 parts of crystallized phosphate of soda, and 2 
parts of water, till the whole is liquid, and then adding 1 part of 
powdered sal ammoniac. Chloride of sodium separates, and the 
solution, filtered and concentrated, affords the phosphate in 
prismatic\crystals. It is purified by a second crystallization. 
This salt occurs in large quantity in urine. It is much employed 
as a flu^ in bloV-pipe experiments. By a slight heat it loses 
8HO, by a stronger heat it is deprived of its remaining w'ater 
and ammonia, and converted into metaphosphate of soda, 
which is a very fusible salt. It will be observed that the three 
atoms of base in this phosphate arc all different, namely water, 
oxide of atqmonium, and soda 5 of which the two last belong to 
the same natural family. This salt, I believe, proved the key 
to* the constitution of the bibasic aifd tribasic organic acids, by 
supplying the ^non, founded upon it by myself, that bases of the 
same family may exist together in the salts of such acids, but not 
in ordinary double safes ; which was happily applied to elucidate 
the salts of the acids in question by MM. Liebig and Dumas. 
No phosphate mcists, corresponding with jpiicrocosmic salt, but 
containing potash yjstead of oxide of ammonium ; the phosphate 
of soda, with 14HO, hfcs been mistaken for such a salt. 

Pyrophosphate of soda; 2NaO, POgrf-lOHOj 1674.1 +1125, 
or 134.15 4. 9Q.^Procured by heating the phosphate of soda to 
redness, 'when it loses dts basic water as well as its water of crys- 
tallization, The residual mass dissolved in water affords a salt, 
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which is less soluble than the original pfiosphate, and crystal- 
lizes in prismatic crystals, which are permanent in air, and con- 
tain ten atoms of water. Its solution is essentially alkaline. 
This salt is precipitated white, by. nitrate of silver. It is to be 
remarked that insoluble pyrophosphit^, including pyrophos- 
phate of silver, are soluble to a considerable' degree in the solu- 
tion of pyrophosphate of soda. The pyrophosphates of potash 
and of ammonia can exist in solution, but pass into tribasic salts 
when they crystallize. 

A bipyrophosphate of soda (HO, NaO, PO5) exists, obtained 
by the application of a graduated heat to the biphosphate of 
soda, but it does not crystallize. Its solution has an acid re- 
action. 

Metaphosphate of soda; NaO, PO5; 1268.2 or 10 ’ 2 . 82 . — The 
three phosphates last described, all contain but one equivalent 
of fixed base, and afford the metaphosphate of soda, when 
heated to redness ; microcosraic salt being readily procured, may 
be recommended for that purpose. The metaphosphate of soda 
fuses at a heat, which does not exceed low redness, and on cool- 
ing forms a transparent glass, which is deliquescent in damp air, 
and very soluble in water, but insoluble in alcohol ;^its solution 
has a feeble acid reaction, which can be negatived by tlie addi- 
tion of 4 per cent of carbonate of soda. Wherf evaporjte^, this 
solution does not give crystals, but dries into a trans^rent 
pellicle, like gum, which retains at the teipperature of the air 
somewhat more than a single equivalents ef water. Added to 
neutral, and not very dilute solutions of earthy and metallic 
salts, metaphosphate of soda throws down insoluj^le hydrated 
metaphosphates, of which the physical condition is remarkable. 
They are all soft solids, or semifluid bodies ; the metaphosphate 
t)f lime having the degree of fluidity of Venice turpentine. An 
account has already been givei! of the singular change, at a par- 
ticular temperature, of hydrateS metaphosphate of soda into bi- 
pyrophosphate of soda, occasioned by an atom of v^ter becom- 
ing basic to the aci^^ which before was constitutional to the salt 
{page 353 ). 

The bipyrophosphate of soda undergoes several changes, 
under the influence of heat before it becomes metaphosphate. 
At a temperature of 50 (y, the salt becomes nearly anhydrous, 
and aflFords a solution which is neutral to test paper, but in 
other respects resembles the bipyrophosphate. But attempe- 
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ratures wWch are higl^er, although short of a red heat, the salt 
being anhydrous, appears to have lost its solubility in water ; 
at least it is not affected at first when thrown in powder into 
boiling water, but gradually dissolves by continued digestion, 
and passes into the preceding variety. — (Phil*, Trans, 18S3, p, 

275.) . ' 

Sorcuc^ Biborate of soda; Na O, ^BOg-f-lOHO; 1263.3. -f 
1125 or 101.23 4-90, — This salt is met with in commerce in 
large hard crystals. It found *in the water of certain lakes in 
Transylvania, Tartary, China, and Thibet, and is deposited in 
their beds by spontaneous evaporation. It is imported from 
India in a crude state, and enveloped in a fatty matter, under 
the name of 7?nA:fl/,*and afterwards purified. But nearly the 
whole borax consumed in England is at present formed by 
neutralising with carbonate of soda, the acid from the boracic 
lagoons of Tuscan Jr. ^he ordinary crystals of borax are prisms 
of the oblique system, confaining 10 atoms of water, which arc 
not efflorescent when free from carbonate (Mr. O. Sims) ; but 
it also crystallizes at 133® in regular octohedrons, which contain 
only 5 atoms of water. This salt has a sweetish, alkaline taste ; 
for althoif^h containing* an excess of acid, it has an alkaline re- 
action, like the bicarbonate of soda. 

The anhydroufs salt is very fusible by heat, and forms a glass. 
I'his' glass possesses the property of dissolving most metallic 
oxides, the smallest portions of which colour it. As the metal 
may often be discovered by the colour, borax is valuable as a 
flux in blow-pipe experiments. As pieces of metal could not be 
soldered together, if covered by oxide, borax is fused with the 
solder upon the surface of the metals to be joined, to remove 
the* oxide. Borax is also a constituei^ of the soft glass, known 
as jewellers’ pasjl:e, w'hich is coloured to imitate precious stones. 
But the most considerable consumption of this salt is at the 
potteries, in the formation of a glaze for porcelain. 

A neutral borate of soda was formed by Berzelius by calcining 
strongly 1 eq, of borax with 1 eq. of carbonate of soda, when 
carbonic acid is expelled. The solution yields a salt belonging 
to the oblique prismatic system, of which the formula is, NaO, 
BOjd-SHO. TV^hen heated, it fuses in its water of crystalliza- 
tion, and is expanded into a vesicular' mass of extraordinary 
magnitude, by the vaporisation of that water. 

When borax is fused with carbonate of soda in excess, the 
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quantity of carbonic acid which escapes •indicates the formation 
of a borate, SNaO +2803, but which has not been farther ex- 
amined. 

A salt is said to exist, formed of Na0 4-4B()3, but to crys- 
tallize with difliculty, formed on comlliriing borax with a quantity 
of boracic acid equal to what it already contains. M. Laurent 
has also shewn that a sexborate of soda exists in solution, but is 
not crystallizable*. The borates of potash have also been ex- 
amined by Laurent. The sixboratcb crystallizes well ; its for- 
mula is KO, 6803-1- lOHO. A triborate is represented b\i 
KO, S8O3 4* 8HO ; the biborate corresponds in composition 
with octohedral borax, but has, notwithstanding, a different and 
incompatible form. • 

Silicates of soda. — When the earth silica (page 314) is 
thrown into carbonate of potash or soda, in a state of fusion 
by heat, a fusible silicate is formed, in which, judging from* 
the quantity of carbonic acid expelled, 3 eq. of alkali are com- 
bined with 2 of silica, or the oxygen in the alkali is to that in 
the silica as 1 to 2. This silicate dissolves in the clear and 
liquid carbonate. When on the other hand a greater proportion 
of silica is fused with the carbonate, the whole carUbnic acid of 
the latter is expelled, and the excess of silica then dissol /es in 
the silicate. The silica and silicate of sucli* mixtu res d o not 
separate by crystallization, but uniformly solidify togetRer, ^n 
cooling, as a homogeneous glass, whatever their proportions 
may lie. It is thus impossible to obtain alkaline silicates, which 
are certainly definite combinations. A mixture of silica with 
potash or soda, in rhich the oxygen of the farmer is to that of 
the latter as 18 to i, is said still to be fusible by ttie heat of a 
forge; but when the psopoation is as 30 to I, the mixture 
merely agglutinates or frits. Tliese combinations, even with a 
large quantity of silica, contiifue to be soluble in water. 

A compound, known as fflassy^is obtained by fusing 

together 8 parts of carbonate of soda (or 10 of carbonate of 
potash) with 15 of ^ fine sand and 1 of charcoal. The object of 
the charcoal is to facilitate the combination of tlie silica with 
the alkali, by destroying the carbonic which it converts 
into carbonic 03^ide. This glass, when reduced to powder is not 
attacked by cold water, but is dissolved by 4 or 5 parts of 

* An de Ch, et de Ph. t. 67, p. 218. 
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boiliDg watei^. The sollition may be applied to Objects of #06d, 
and when dried by a gentle heat forms a varnish, which imbibes 
a little moisture from the air, but is hot decomposed by car- 
bohie acid, nor otherwise alt€j*able by exposure. Stuffs im- 
pregnated with the solution lose much of their combustibility, 
and wood is also defended by it, to a certain degree, from com- 
bustion. 


GLASS. 


The alkaline silicates, cooled quickly or slowly, never 
exhibit a crystalline structure, but are uniformly vitreous. 
They are the bases of the ordinary varieties of glass, which 
contain earthy silicates besides, but appear to owe the 
vitreous character to the silicates of potash and soda. The 
^ silicate of lime and 'the silicate of the protoxide of iron 
crystallize on cooling, so d6es the silicate of lead, unless it 
contains a large excess of oxide of lead. The addition of the 
silicate of potash or soda deprives them entirely of this pro- 
perty ; the silicate of alumina considerably diminishes it. But 
if silicates of potash or soda are heated for a long time, the 
alkali may iif part escape in vapour, and if other bases exist in the 
compound, it then^often assumes a crystalline structure on cool- 
ing*. TliC Sikaline silicates by themselves are soluble in water, and 
decomposed by acids 5 the silicate of lime is also dissolved by 
acids, but the doablq silicates, on the contrary, resist the 
action of acids, particularly when they contain an excess of 
silica. Tlie following table exhibits the composition of the best 
known kinds* of glass, from the analyses of Dumas and of 
Faraday : — 


COMPOSITION OF VARIETIES OF GLASS. 



Silica. 

Bobemlao gUuii 

69 

Crown glAM . 
Window glaas . 

6S 

69 

Bottle glitiifl 

! 54 

Flint gUuts . . 

45 

Crystal . . . 

61 

Stress . . . 

i 38 

Soluble glass . 

I 62 


4 

Potash. 

Lime. 

Ox. lead. 

Alumina. 

Water. 

12 

9 

0 

10 

0 

,22 

12 

0 c* 

3 

0 


1 » 

0 

1 

' '0 

m- if 

29 

6 ox. iron. 

0 

0 


0 

46 


0 * 

6 

0 



0 

8 

0 


1 

0 

26 

0 

*0 

0 

12 


Silicate^of soda and lime.— T!o form window-glass 100 parts 
of a quartzy sand are taken, with 35 to 40 parts of chalk, 30 to 
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35 parts of carbonate of soda and 180 •parts of broken glass. 
These materials are first fritted, or heated so as to cause the 
expulsion of water and carbonit acid, and to produce an agglu- 
tination of their particles, and irfterwards completely fused in a 
large clay cru 4 'ible of a peculiar constraction. For the first 
formation of the glass a higher temperature is required, than 
that at which it is most thick and viscid, and in the proper con- 
dition for working it. At the latter temperature, the substance 
possesses an extraordinary deg!;pe pf ductility, and may be 
drawn out into threads so fine as to be scarcely visible to the eye^ 
A portion of the plastic mass, on the extremity *of a blow-pipe, 
may be expanded into a globular flask, and prest or bent 
into vessels of any form, which may be pared and fashioned by 
the scissors. At a lower temperature, glass vessels become rigid, 
and w’hen cold brittle in the extreme, unless they l)e annealed^ 
that is, kept for several hours at a telhperature ijrogressively, 
lowered from the highest degrefe which the glass can bear 
without softening, to the temperature of the atmosphere. The 
well-known glass tears, or Prince Rupert’s drops, as they are 
also called, which are made by allowing drops of melted glass 
to fall into water, illustrate the peculiar properties of unan- 
nealed glass. The surface becoming solid by the sutlden cooling, 
while the interior is still at a high temperature and conse- 
quently dilated, the drop is of greater volume thairii "«ironld 
be if cooled slowly and equally througliout its mass. Its par- 
ticles are thus in a state of extreme teivgipn, and an injury to 
any part causes the wliole mass to fly to pieces. The fracture 
of unannealed vt sels, which is the immediate consequence of 
scratching their surface, lias been compared to thi effect upon 
a sheet of cloth tbrcibly/ stretched, of injuring its edge iij the 
smallest degree by a knife or scissors. It then ceases to pre- 
serve its integrity by resistingthe tension, and is torn across. Tlie 
relative proportions of the ingredients of this and otlier species 
of glass is subject to some variation. But the oxygen in the 
bases of window-gjass is to the oxgen of the silica, nearly as 
1 to 4. ITiis glass* has a green tint, 'which is very obvious in 
a considerable mass of it, occasioned iu j^t, it may be, by the 
impurities of the materials, but a certain degree of wdiich ap- 
pears to be essential to a soda-gjass. For in all the colourless 
and finer varieties (rf glass, it is necessary to use potash. 

Silicates of potash md lime* — Plate-glass used for mirrors, 

j I 2 
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crown-glass, and the beautiful Bohemian glass are of this compo- 
sition. In the most remarkable varieties the oxygen of the bases 
is to that of the acid as 1 to 4, anil the oxygen of the lime to that 
of the potash in proportions which vary from 1 and to 1 and 
1. This is the glass of,lnost difficult fusibility, and therefore 
most suitable for tlie combustion tubes employed in organic 
analysis. From its purity, and the absence of oxide of lead, it 
is also made the basis of most coloured glasses, and of stained 
glass. To produce colour, ed glasi^^s certain metallic oxides arc 
/nixed with the fused glass in the pot, oxide of cobalt for in- 
stance, for a blue colour, oxide of copper for green, peroxide of 
manganese for purple, and peroxide of uranium for a delicate 
lemon yellow tint. Arsenious acid and peroxide of tin render 
glass white and opaque, like enamel. In stained glass, on the 
other hand, the metallic oxides are merely applied wnth proper 
fluxes to the surface^ of the glass, wdiich is then exposed in an 
oven to a temperature sufficient to fuse tlie colouring matter. 
Different shades of yellow and orange are thus produced by 
means of oxide of silver, and a superb ruby rod by a proper, 
but difficult, application of suboxide of copper. 

Silicates of' potash and lead , — These substances enter into the 
composition of the purer and more brilliant species of glass in 
use in this country’, such as that called crj’Stal, of which most 
, driTikm*^ \^ssels are made, flint-glass for optical purposes, and 
strass, wliich is employed in imitations of the precious stones. 
For crystal, the materials are taken in tlm following proportions, 
120 parts of fine sand, about 40 of purified potashes, 35 of 
litharge or minium, and 12 of nitre. In this glass, the oxygen 
of the bases is to that of the silica, as 1 to a number which 
may vary from 7 to 0, and the oxygen, of the potash is to that 
of the oxide of lead, as 1 to a number varying from 1 to 2.5. 
In flint-glass and in strass, the oxygen of the bases is to that 
of the silica as 1 to 4, arftl the oxygen of tlie potash is to that of 
the oxide of lead as 2 to 3 in flint-glass, and as I to 3 in strass, 
(Dumas). Tlie more oxide of lead glass contains, the higlier 
its density ; the density of this kind of glass exceeding .3,6*, 
while that of the Boftemian glass does not rise higher than 2.4. 
Glass containing qxide of lead is recommended by its greater 
fusibility and softness, by wliiclj it is more easily fashioned into 
various fortns, and by its great brilliancy, which is remarkable 
in lustres and other objects of cut glass. The presence of lead 
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in glass is at once discovered by its surface acquiring a metallic 
lustre when heated to redness ui the reducing flame. 

Silicates of alumina^ of the oxides of iron^ magnesia^ and 
potash or soda , — Green or bottte glas^, of which wine-bottles, 
carboys, and glass articles of low price consist, is a mixture of 
tliese silicates. It is formed of the cheapest materials, such as 
sand, with soap-makers* waste, lime that has been used to render 
alkali caustic, &c. In the boftle-glass of this country the small 
quantity of alkali is chiefly soda.* Tfle alkaline sulphates when 
fused with silica and carbonaceous matter, lose, their sulphuriff 
acid, and become silicates ; even common salt is decomposed by 
the united action of silica and the aqueous viipour in flame, but 
much of it is lost from its own volatility. The proportion of 
silica to the bases is much less in this than in the (jther kinds of 
glass, tlie oxygen of the former being to 4:he Jaltcr as 2 to 1 ; and 
the oxygen of the alumina and peroxide of iron equal to that of 
the potash and lime. This glass is in fact a mixture of neutral 
and subsilicates, and is more apt than any of the preceding spe- 
cies to assume a crystalline structure when maintained long in 
a soft condition by heat. A bottle of green glass may be devi- 
trified, or converted into what is called Reaumur^s.porcelain, by 
enveloping it in sand, and placing it where its temperature is 
kept high for several weeks, as in a brick kilfl or por^i^ljim fur- 
nace. It has been supposed that the glass loses its alkali in 
these circumstances, and is thus more easily crystullized, but the 
proportion of alkali is found uudiminfstied after the change. 
Glass of all kinds, howcAer, when strongly and repeatedly 
heated loses alkali, irom its volatility; the glass #theii becomes 
harder and less fusible, and is not so easily wrought, a circum- 
stance which may spmetiiuhs be remarked in blowing a* bulb 
upon a tube which has been^toolong exposed to the blow-pipe 
flame. 


SECTION 111. 

UTUiUM. 

80.33 or 6.41 ; L. 

Lithium is the metallic basis of a rare alkaline oxide lithia 
discovered in 1818 by Arfwedson*. The name lithia (from 


An. dc Ch. el de Pli. t. 10. 
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XiOuacf stony,) was applied to it, from its having been first 
derived from an earthy mineralj^ The metal was obtained by 
Davj’’ by the voltaic decomposition of lithia, and observed to be 
white, resembling sodium, and to be highly oxidable. , The 
equivalent of lithium is much smaller than that of any other 
metal, and its oxide has therefore a high saturating power. 

lAtkiai — The only known oxide of lithium is a pro- 

toxide. It exists in small quantities jn the minerals spodumene, or 
^triphane, petalite, and lepitiolif^, of whieh the latter can be pro- 
tiured in largest quantity. The separation of lithia from this 
mineral rests upon its decomposition by means of lime at a 
high temperature, and the formation of silicate of lime. By a 
protracted digestion of the ignited mass in l)oiling lime-water, 
the liberation of the litliia is completed, and it dissolves in that 
liquid. The oxides in s/)Iution are converted into chlorides, by 
ihe addition of hydrocliloric^acid, and rhust be submitted to 
several additional operations to separate iron, lime, and potash. 
Tlie chloride of lithium is finally taken up by absolute alcohol, 
in which the chloride of potassium is not soluble. For the ne- 
cessary directions for conducting this difficult process, I must 
refer to Berzigjius. — (Trait<5, t. 1 p. 303.) 

The hydrate of lithia resembles hydrate of potash in causti- 
cit;^ butj^ less sotuble in water, and loses its combined water 
at an elevated temperature. Sulphur acts upon it in the same 
ihatnier as upon potash. 

The chloride is very soluble in water, as well as in absolute 
alcohol, and fuses at a high temperature. 

Tlie carbonate of lithia has a certain degree of solubility, and 
its solution has an alkaline reaction, properties upon which the 
clairn^of lithia to be ranked among* the' alkalies, instead of the 
alkaline earths, is chiefly rested. The fluoride of lithium has 
the sparing solubility of the carl>oimte. 

The sulphate of lithia is soluble, and presents itself in fine 
crystals, which are persistent in air. The nitrate and acetate 
^re both very soluble and deliquescent. 

The neutral phosphjfp of lithia is slightly s<)lu!)le in water, but 
considerably more so than the double j>hosphate of lithia and 
soda, which remains as an insoluble powder when the solution 
3f lithia is evaporated to dryness with that of phosphate of soda. 
Hence phosphate of soda is used as a test of lithia. The salts 
A lithia are also recognised, when heated on platinum wire 
before the hlow-pipc, by tinging the flame of a red colour. 
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ORDER IL 

METALLIC BASISS OF TyE ALKALINE KAK'niS. 

SECTION IV. 

BARIUM. 

Eq. 856.9 0 / 68 ^ 6 ; Ba. 

Barium, the metallic basis of barytes, was olJtained 1)y Davy 
in 1808, by the voltaic decomposition of moistened carbonate of 
barytes in contact with mercury; it may likewise be procured by 
passing potassium in vapour over barytes heated to redness in an 
iron tube, and afterwards withdrawing the reduced barium, which 
the residue contains, l;y means of rhercury.* The latter metal isk 
separated by distillation in a retorf, care being taken not to raise 
the temperature to redness, for then the barium decomposes 
glass. Barium is a white metal like silver, fusible uiider a red 
heat, denser than oil of vitriol in which it sinks. ' It oxidates 
with vivacity in winter, disengages hydrogen, and <s converted 
into barytes. It is named barium (from heavy), in allu- 
sion to the great density of its compounds. # 

Barytes: BaO ; 956.9 or 76.66, — ^This earth existriif^f^ral 
minerals, of which the most abundant are sulphate of barytes 
or heavy spar, and the carbonate of baijytcs or witherite. The 
earth is obtained in the anhydrous condition and pure,. by cal- 
cining nitrate of barytes, at a bright red heat, in a porcelain 
retort, or in a well covered crucible of porcelain or silver, but 
not of platinum. If tl^e calcination is not carried suliicicntly 
far, a coinbination remains of i)arytes and nitrous oxide (Berze- 
lius), wliich has been mistaken for peroxide of barium. Tiie 
iodate of barytes idso may be calcined^in a porcelain retort, for 
barytes ; it is, I find, more easily decomposed than the nitrate, 
and has not the tr^oublesomC property of fusing find swelling up, 
when heated, wbicfi the latter salt possesses. The iodine comes 
otF, with oxygen, and may be reco^reci. Iodate of barytes 
itself is obtained, as an Insoluble precipitate,. on adding chloride 
of barium to iodate* of ^la (page 390). Barytes is a grey 
powder, of which the density is about 4. When* heated to 
redness in a porcelain tube, and oxygen passed over it, it ab- 



4S6 


BARIUM. 


sorbs that gas with avidity, and becomes peroxide of bariutn, the 
compound for the preparation of which anhydrous barytes is 
chiefly required. This earth slakes and falls to powder, when 
water is thrown upon it, combining with one equivalent of water 
with the evolution of much heat. < 

Hydrate of barj^tes is a valuable reagent. Of the different 
processes for this substance, one of the most convenient is that 
from the native sulphate. This is .a soft mineral and easily re- 
duced to an impalpable powder, which is intimately mixed with 
U-3rd of its weight of coal-dust, or coal pounded and sifted ; the 
mixture is introduced into a comish crucible, and exposed in a 
furnace to a bright red heat for an hour. The sulphate is con- 
verted by this treatment into sulphuret of barium ; the last salt 
is dissolved out of the black residuary mass, by boiling water, 
and the solution, which generally has a yellowish tint but is 
^sometimes colourless, is filtered while still hot. The solution, 
if strong, may crystallize on. cooling, in thin plates. As it ajso 
absorbs oxygen from the air, and returns to the state of sul- 
phate of barytes, it must not be exposed long in open vessels. 
To a boilijig solution of sulphuret of barium in a flask, black 
oxide of cofjier from the nitrate is added, in successive small 
portions, till a drop of the liquid ceases to blacken a so- 
lution of lead, arid precipitates it entirely white; the liquid 
theli Cfflitains only hydrate of barj^tcs in solution. It may im- 
mediately be filtered, with little access of air, as it absorbs car- 
bonic acid. The dccanaposition in this process, for which we 
are indebted to Dr. Mohr of Coblentz, is rather complicated. 
Six eq. of sulphuret of barium and 8 of oxide of copper produc- 
ing 5 of barytes, 1 of hyposulpliite of barytes, and 4 of subsul- 
phurat of copper: 

6 BaS and 8CuO==5BaO and BaO, SgOg and 4 Cu^S. 

Peroxide of manganese ^ay be srabstituted in this process for 
oxide of copper, but generally gives a solution of barytes co- 
loured by some impurity . The reaction is then similar* : 

6Ba S and 4Mn 02=5Ba0 and BaO, and 4MnS. 

If the solution of su!]^iyet of barium has been concentrated, 
the greater part of 4be hydrate of barytes.separates on cooling, 
in voluminous and transparent crystals. It is soluble in 3 


♦ AntiHleii, V. 27, p 21. 
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parts of boiling water^ and in 20 parts* of water at GO®. Mr. 
Smith finds this hydrate to contain 9HO, of which it loses 7? by 
a moderate heat, and 1 additional, by a stronger heat. B,arytes 
retains 1 eq. of water with great force like the fixed alkalies. 
This combination is fusible a little bfilow redness, and runs like 
an oil ; it centals into a crystalline mass, which attracts car- 
bonic acid very slowly from air, and is therefore the most fa- 
vourable condition in which to preserve hydrate of barytes. 

The solnfiAj of barytes is 'strongly caustic, although less so 
than potash or soda; and, in common with all {he soluble pre^ 
parations of barium, it is poisonouS. It is used to remove car- 
bonic acid from air and other gases' (page 280). ^aiytes, 
whether free or in combination with an ‘acid, as a soluble salt, 
is discovered by means of v sulphuric acid, which throws down 
sulphate of barytes, a compound not dej^omj^ased by, nor solu- 
ble in, nitric and hydrochloric acM#. ‘ 

Peroxide of barium ; BaOg; 105G.9 hr 81.69. — ^This com- 
pound IS prepared by exposing anhydrous barjftes .tp^ pure 
oxygen at a red heat ; or by heating pure barytes to low red- 
ness in a porcelain crucible, and then gradually adding chlorate 
of potash, in the ratio of about I part of the latter^ to 4 of the 
former. The chloride of potassium is removed, by cold water, 
from the peroxide of barium, formed at the %ame ti^ig, wjiile 
the latter forms a hydrate wdth 6110 (Liebig and \^6riler.) 
Peroxide of barium, when decomposed ])y dilute acids with 
proper precautions, afiFords peroxide of h\*drogen. 

Chloride of barium; Ba Cl + 2110; 1299.6 + 225, or 
104.83 + 18. — A roagent of constant use, which i^ obtained by 
dissolving native carbonate of barytes in pure hydrochloric acid 
diluted with 3 or 4 timeaTits 4>ulk of water, or by neutralising 
sulphuret of barium by the same acid. It crystallizes from 
a concentrated solution in flat four-sided tables, bevelled at the 
edges, very like crystals of heavy spar, 'rtie crystals contain 2 eq. 
of water, (11.75 per cent), which they lose below 212°. They are 
said to be soluble jn 400 parts of anliydrous alcohol : 100 parts 
of water dissolve 43*5 at 60% and 73 at 2^!, which is the boiling 
point of the solution. C 

Carbomte of haryteg O, COj; 1233.3, or 98.83. — This 
salt consists in 100 parts of 22.41 carbonic acid, and ba- 
rytes. The density of the native carbonate is 4.331. It re- 
tains its carbonic acid at the highest temperatures. The 
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precipitated carbonate* loses its carbonic when calcined at a 
white heat, in contact with carbonaceous matter. It is obtained 
in greater purity when precipitated by the carbonate of ammonia, 
than by the carbonate of potash or soda, portions , of which are 
apt to go down in combiViation with carbonate of barytes. Al- 
though reputed an insoluble salt, carbonate of barytes is soluble 
in 2300 parts of boiling water, and in 4300 parts of cold 
water. It is still more soluble in water containing carbonic 
acid, and is highly poisonous^ The precipitated carbonate of 
ibarytes is employed in the analysis of siliceous minerals, con- 
taining an alkali, which are not soluble in an acid. The mineral, 
in the state of an impalpable powder, is intimately mixed with 
4 or 5 times its weights of this carbonate, and exposed in a pla- 
tinum crucible to a white heat, which occasions a semi-fusion 
of the mixture and the decomposition of the silicates; the 
•^mineral afterwards dissolving entirely in an aend, with the ex- 
ception of its silica. 

Sulphate of barytes ; Ba O, SO^; 1458, or 1 19.56*. — This salt 
consists, in 100 parts, of 34.37 sulphuric acid aiid 65.63 barytes. 
The density of heavy spar, or the native sulphate, varies from 4 to 
4.47. ItO(5cursin considerable quantities, in trap and other ig- 
neous rocks, forming often veins of several feet in thickness, and 
miles in extent. It is mined for the purpose of being substituted 
fofeanJonate of lead, or being mixed with that substance, when 
used as a pigment. When chloride of barium is added to sul- 
phuric acid, or to a soluble sulphate, at the boiling temperature, 
sulphate of barytes precipitates readily, in a dense crystal- 
line powder, which may easily be washed and collected on a 
filter. It is completely insoluble in water and dilute acids; 
but is soluble in concentrated and ^boiling sulphuric acid, from 
which it crystallizes on cooling. Precipitated sulphate of ba- 
rytes is partially decomposed in* a concentrated and boiling 
solution of carbonate of potash or*soda, and carbonate of barytes 
formed. 

Nitrate 0 / barytes i Ba O, NO5; 1633.9,^ or 130.93. — This 
salt crystallizes in fine transparent ootohedrons, which are an- 
liydrous. It is obtamed^by dissolving carbonate of barytes in 
nitric acid, diluted with 8 or 10 times its weight of water, or 
by mixing the acid, also in a diluted state, with the solution of 
suli)huret 6f barium. It requireil 12 ]>arts of water at 60", and 
3 or 4 of boiling water for solution 5 it is insoluble in alcohol. 
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The nitrate of barytes is employed as a* re-agent, and also in 
procuring pure barytes. 

The chlorate and hyposulphate of barytes are soluble, the 
iodate, sulphite, hyposulphite a^d phosphates of barytes, in- 
soluble salts. 


SECTION V. 

STRONTHaM. • 

Eq. 547.3, or 43.85 j Sr. 

Strontium is prepared in the same way as barium, which it 
greatly resembles. It is a white metal, denser than oil of 
vitriol. It derives its name from Strontian, a joining village in 
Argyleshirc. . 

Strontian^ S/rontia, or Strontites , SrO; G47.3, or 51.85. — 
The native carbonate of strontian was first distinguished from 
carbonate of barytes by Dr. Crawford, in 1 790, who conceived the 
idea that the former mineral might contain a new earth. ^ This 
conjecture was verified in 1793, by Dr. Hope;** and much 
about the same time also by Klaproth. The eartli, strontian, 
is to barytes what soda is to potash. It oceurs in nature as 
carbonate and sulphate, but not abundantly. StrontiahTnay 
be prepared by a strong calcination of the native carbonate in 
contact with carbon. It is lighter than barytes, and has a taste 
which is less acrid and caustic, but stronger than that of lime. 
It is said not to be poisonous. The hydrate crj^tallizes with 
9HO, but retains only one equivalent at 212* (Mr, Smith.) 
This last hydrate enters iflito fusion at a very high temperature, 
without losing its combined water. The pure earth, like ba- 
rytes, is infusible. The crystallized hydrate requires 52 parts 
of water to dissolve it at T>ut only twice its weight at 212^ 
The solul)le salts of strontian are prepared from the car- 
bonate. They are^)recipitated by sulphuric acid and l^y soluble 
sulphates, but not so completely as the^salts of barytes, the 
sulphate of strontian having a small degree of solubility. Hence, 
wlien sulphate of sod^is added in excess to Ji* salt of strontian, 
and the precipitate separated by filtration, so much sulphate of 
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strontian remains in solution, that the liquid yields a white 
precipitate with carbonate of soda (Dr. Turner.) Most of the 
salts of strontian, when heatecf on platinum wire before the 
blow-pipe, communicate a red colour to the flame. Barytes 
and strontian in solution, fiiay be separated by<hydroflu6silicic 
acid, which precipitates barytes, but forms with strontian a 
salt very soluble in a slight excess of acid. Hyposulphite of 
strontian being soluble, while hyposulphite of barytes is in- 
soluble, these earths may also be separated by means of hypo- 
^'sulphite of so(^a. 

Peroxide of strontium^ obtained by Thenard in brilliant 
crystalline scales, on adding peroxide of hydrogen to a solution 
of strontian. Tt contaiins two eq. of oxygen. 

Chloride of strontium crystallizes in slender prisms, whicli 
contain 9HO, and are i^lightly deliquescent. This salt is soluble 
' in three-fourths of its w^eight of cold water, and in all propor- 
tions in boiling w'ater. At the ordinary temperature, it dis- 
solves in 24 parts of anhydrous alcohol, and in 19 parts of 
boiling alcohol. In this respect, it difiers from chloride of 
barium, which is insoluble in alcohol. Chloride of strontium 
coramunicatf s to flame a fine red tint. In the anhydrous con- 
dition, this chloride absorbs 4 eq. of ammonia, and becomes a 
whi te bulk y powder. 

Cdrionate of strontian forms the mineral sirontianite^ which 
generally has a fibrovis texture, and is sometimes transparent and 
colourless, but generally has a tinge of yellow or green. Its den- 
sity varies from 3.4 to 3.7^6. Tliis salt is said to be soIul)le in 
1536 parts boiling water. It is more soluble in water con- 
fltaining carbonic acid, and occurs in some mineral waters. It 
^etaihs its carbonic acid when calcined.'^' 

Sulphate of strontian is known as celest%ne\ and occurs in 
regular crystals of the same fdrni as sulphate of barytes. 
Its density is about 3.89. It is not sensibly soluble in cold 
water, but is said to be soluble in 3840 times its weight of boil- 
ing water. This mineral is found in considerable quantity as- 
sociated with volcanii^sulphur, and in other formations. The 
various compounds of sttSontiura may be prepared from it, j>re- 
cisely in the same manner as those of barium fi*om the sulphate 
of barytes. 

Hyposulphite of strontian is crystallizable, and s()lul)le in 4 
parts of fjold, and I J parts of Imiling water. It loses 81 per 
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cent of water of crystallization between and 140", without 
any other change. 

Nitrate of strontian generally crystallizes in octohedrons, 
which «are anhydrous, but it be obtained at a low tempe- 
rature in crystal?:; of . another form, which contain 5HO. The 
anliydrous salt dissolves in 5 parts of cold water, and in | part 
of boiling water. A deflagrating mixture, which produces an in- 
tensely red illumination, is formed of 40 parts of nitrate of 
strontian, 13 parts of flowers Of s^ilplvur, 5 parts of chlorate of 
potash, and 4 parts of sulphuretof antimony. 

The salts of barytes, strontian and lead are strictly isomor- 
phous, and greatly rcsemlile each other in solubility and other 
jiropertics. 


SECTION VI 
CALCIUM. 

Eg. 250, or 20.52; Ca. 

Davy obtained evidence of the existence of this inijtal, and of 
its analogy to the preceding metals. It is the bifcis of lime. 
The name applied to it is derived from calx. ^ 

Lime ; Ca O ; 356, or 28.52. — Uncombined lime, or ijfui 
as it is termed in the arts, is obtained by heating masses of lime- 
stone (carbonate of lime) to rednessin a lim^e-kiln,or open fire. The 
escape of the carbonic acid is favoured by the presence of the 
aqueous vapour and gases of the fire, into which that gas can dif- 
fuse (page 187). In a covered crucible, carbonate of lime may be 
fused by heat witliout deq^imppsition. The lime remains in poyous 
masses, which may easily be separated from the ashes of the fuel, 
and are sufficiently hard to he transported from place to place 
witliout falling to pieces. Althotigh these masses appear light, the 
density of lime is not less than 2.3, or even 3.08, according to 
Roget and Dumas.^ Water thrown upon them, is first imbibed, 
and afterwards combines with the lime, which falls to powder 
in the state of hydrate, and is then said,t5' be slaked. In tins 
combination, the tempefature rises sufficiently high to char 
and kindle wood ; but the hydrate is decomposed, and lime is 
made anhydrous by a red heat. From its affinity for water, 
quicklime is applied to deprive certain liquids, such as alcohol, 
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of the water they contain. It is obtained in a suitalde state of 
. ^i^ion for that purpose, by submitting to calcination in a 
crucible the hydrate of lime itself, or by calcining 2 parts of 
hydrate mixed with ,1 of pulvjgjrulent chalk. For pure lime, the 
crystallized carbonate shbuld be calcined, such as calcareous 
spar, or Carrara marble. Lime, in common with other infu- 
sible earths, phosphoresces strongly when heated to full red- 
ness. 

The hydrate of lime contains i eq, of water, which it loses 
' at a low red hgat. It is sparingly soluble in water, but more 
soluble in cold than in hot water. According to Dalton, lime- 
water formed at 6*0^, 130® and 212®, contains I grain of lime in 
77 b, 972 and 1270 girains of water. Hence, water saturated 
in the cold, deposits hydrate of lime, when boiled. By evapo- 
rating the solution in yacuo, Gay-Lussac obtained hydrate of 
lime in small transparent crystals of the hexahedral form. The 
milk or cream of lime is merely the hydrate diffused through 
water. Lime-water has a harsh acrid taste, is alkaline, and, to 
a certain extent, caustic. It precipitates carbonic, silicic, boracic 
and phosphoric acids from solutions of their alkaline salts. It 
dissolves oyide of lead. Lime-water al)sorbs carbonic acid 
rapidly from the air, and becomes covered by a pellicle of car- 
b onate of lime. 'Hydrate of lime has the same property, ab- 
sorbrng about half an equivalent of carbonic acid with avidity, 
but not acquiring qqite so much as three-fourths of an equi- 
valent by 2 or 3 weeksf exposure to an atmosphere of the gas. 
Fuchs observes, that when hydrate of lime is exposed to air, 
it absorbs opjy half an equivalent of carboriic acid, and a dc- 
finite compound of hydrate and carbonate is formed. In the 
anh;fdrous condition, lime exhibits Vio affinity for carbonic 
add. 

lime is characterized by affoVding a bulky precipitate of 
sulphate of lime, when sulphuric acid is added to its soluble 
salts. But as the sulphate of lime lias a certain degree of so- 
lubility, tliis precipitate does not appear in ^very dilute solutions 
of these salts, nor in Jime-water, a property l>y which lime may 
be distinguished from b^tes and stfontian. Sulphate of lime 
may also, when separated, be re-dissol^ed by the addition of 
nitric acid. Lime, is entirely precipitated from neutral solutions, 
by oxalate of ammonia, the oxalate of lime being completely 
insolubl^. In the quantitative estimation of this earth, it is 
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therefore generally thrown down as oxalate, and afterwards ob- 
tained as carbonate of lime, by heating the oxalate nearly to 
redness in a platinum crucible, in which a small fragment of 
carbonate of ammonia is dissip|ited at the same time, to prevent 
any lime becoming caustic by loss of cftrtonic acid. 

Lime is applied to a variety of useful purposes in ordinary 
life and in the arts, of wdiich the most important are its appli- 
cations as mortar and as a manur%for land. In the last, lime 
does not act as an aliment of plants*, but is useful in accelerating 
the decomposition of the insoluble organic matt^pr which soil ' 
contain s;, and thereby rendering it capable of sustaining vege- 
table life. Hence, tlie extraordinary fertility which lime deve- 
lopes in soils containing peaty matter. ‘In the formation of 
mortar, the hydrate of lime is mixed with 2 parts of coarse, or 
3 parts of fine sand, and made into a gaste with water. In 
building, a stone is laid upon a bed of this paste, which it 
compresses by its weight, imbibing moisture also from the 
mortar, which escapes principally through the porous stone. 
On drying, the mortar binds the stones between which it is 
interposed, and its own particles cohere so as to form a hard 
mass, solely by the attraction of aggregation, for ij.o chemical 
combination tadces place between the lime and sand, and the 
stones are simply united as two pieces of wcrod are Jrv glue. 
The sand is useful in rendering insignificant by its mass 
contraction of the mortar on drjfing, and i\lso, from the large 
size of its grains, in rendering the dry mortar less short and 
friable. The mortar is subject to an ulterior change, from the 
slow absorption of c arbouic acid, but even in the oddest mortar, 
the conversion of tlie hydrate of lime into carbonate is never 
complete. 

Some limestones, containing about 20 per cent of clay or 
silicate of alumina, afford limd which possesses a valuable pro- 
perty, that of forming with water a mass which becomes solid 
in a few minutes, and therefore hardens in structures covered 
by water. An exc^lent hydraulic mortal of this kind is ob- 
tained from concretionary masses founej. in marie, and also 
as isolated blocks in the bed of the Thaliies. This lime being 
burnt, ground and sift;pd) when mixed with ^vate^ to form a 
paste, sets as quickly as Paris plaster ; its solidity increases with 
the time it has been submerged, and it ends by acquiring the 
hardness of limestone. Sand is added to it when it Jls used 
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as common mortar, of in covering buildings to imitate stone. 
From the minute division of the silica and alumina in this 
mortar^ their combination witli lime is more likely to occur 
tlian in ordinary mortar. StiU the first setting of hydraulic mor- 
tar seems to be due simply to the fixation of wa^er, and forma- 
tion of a solid hydrate like gypsum. Hydraulic mortar is 
sometimes made by mixing together clay and chalk, and cal- 
cining the, mixture, or more|(prequently by adding to hydrate 
of lime puzzolano ground to fine ‘powder. The latter is a sub- 
f stance of volc/inic origin, composed principally of pumice, of 
which a stratum is excavated in the neighbourhood of Pozzuoli 
near Naples. The mortar which it makes with lime has ob- 
tained the name of Roman cement. 

The hydrate of peroaoide of calcium precipitates on adding 
lime-water, drop by drop, to a solution of peroxide of hydrogen. 
It contains, according to Thenard, 2 eq. of oxygen. 

The protomlphuret of calcium is procured by decomposing 
sulphate of lime at a red heat, by hydrogen or charcoal. When 
newly prepared, it phosphoresces in the dark. It is sparingly 
soluble in water. When hydrate of lime is boiled with sulphur 
and water, \and the liquor allowed to cool before* it is com- 
pletely saturated with sulphur, yellow crystals separate from it, 
w hich are a bistdphuret of calcium^ combined ^^dth 3 HO, ac- 
cormng to the observations of Herschel. When lime, or pro- 
tosulphuret of calcium is boiled M'ith exces.s of suli)hur, it 
dissolves sulphur till a of cofciwm is formed, udnch 

resembles in properties the corresponding degree of sulphuration 
of potassiun\ 

Phosphurei of calcium. — Small fragments of quicklime being 
headed to redness, by a spirit lani{>, iH a small mattrass with a 
dong neck, and fragments of phosphorus dropt into the same 
vessel, a mixture is obtained of ^"^hosphute of lime and phos- 
phuret of calcium. I'he compound has a chocolate brown 
colour. When the temperature is raised too high,, the affinities 
change, and phosphorus escaping in vapojv, nothitig but lime 
remains. This substance decomposes water, wdien thrown into 
it, with effervescence, fcom the escape of phosphuretted hy- 
drogen, which t^kes fire spontaneously; while hypophosphite 
of lime is dissolved by the water. 

Chloride of calcium } CaCI; 698.7, or 55.98, — Obtained by 
neutraliijiing hydrochloric acid with carbonate of lime, or as a 
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residue in several processes; a concentrated solution affords 
crystals in large striated four-sided prisms, which contain 6 eq. of 
water. Dried with stirring, at ^00®, it affords a crystalline pow- 
der, containing 2 eq. water, which produces an intense degree of 
cold when mixed with snow (page 44.) . The crystals are very 
soluble and exceedingly deliquescent. I'he salt is made anhydrous 
by heat, and undergoes the igneous fusion at a red heat. The 
liquid chloride is poured upon a slab, and the transparent cake 
of solid salt immediately brokenllnto pieces, and preserved in 
a stopt bottle. It is much emplo]^ed, ‘from its great affinity for^ 
water, to dry gases and absorb moisture. Chloride of calcium ‘ 
always acquires by fusion a slight but sensible alkaline reaction, 
from partial decomposition; on which account Liebig prefers 
the salt strongly dried, but not fused, as Ihe hygrometric agent 
in organic analysis. Ten parts of anhydrous alcohol dissolve 7 
of chloride of calcium, at the boiling p^>int, qnd tlie solution, 
in cold weather, affords crystals in rectangular scales, which 
are an alcoate, containing about 60 per cent of alcohol, instead 
of water of crystallization. Anhydrous chloride of calcium 
likewise absorbs 4 equivalents of ammoniacal gas. 

A solution of chloride of calcium when boiled with hydrate 
of lime dissolves that substance, and the solution Altered hot, 
deposits long flat and thin crystals, which contain 49 per cent 
of water. The empirical formula of this salt is*Ca C1 + ‘^Ca 
15 HO. The salt is decomposed by water and alcohol. 

A compound of chloride of calcium w'ith oxalate of lime^ con< 
taining water of crj’stallization is obtainccTifi good crystals, wliich 
are persistent in at n by dissolving oxalate of lime to saturation 
in liot hydrochloric acid and allowing the solutioi* to cool. It 
consists of I eq. ot each salt, with 7 eq. of water. Oxalate of 
lime is known to combinh wtth 2 eq. of water, of which f eq. 
appears to remain in this double salt, while the other is re-- 
placed by chloride of calcium parrying its 6 atoms of water of 
crystallizjition along with it. A similar replacement is ob- 
served in the formation of quadroxalate of potash (page 172 ). 
Tills salt becomes •anhydrous without decomposition at 26*6® 
(13(f cent). It is decomposed by pure w'ater. 

Fluoride of culdumy Jif{or spar ; CaF^’ 489.8 or 39.2 5. — ^This 
salt occurs in nature, massive and in transparent crystals, which 
are cubes or octohedrons. It is often of beautiful cploiirs, ge- 
nerally green or purple, and is cut into ornaments. When 
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heated gently on a plate of metal, it becomes very luminous in 
the dark, or phosphoresces. Fluoride of calcium is insoluble in 
water, and is obtained in a granular condition, when hydrofluoric 
acid is neutralised by freshly precipitated carbonate of liihe. 
But when a neutral salt of lime is mixed with a soluble fluoride, 
the fluoride of calcium appears as a translucent gelatinous mass; 
This fluoride, whether artificial or natural, is not decomposed by 
sulphuric acid at a low temperature, but imbibes that acid, and 
forms a thick ropy liquid. i|| 104^ (40*^ cent.) this mixture be- 
gins to decompose and eihits •hydrofluoric acid, 

SALTS OF LIME. 

Carbonate of lime; Cb^CO^; 032.5 or 50.68. — ^This is one of 
the' most abundantly diffused salts in nature, forming the basis 
of limestones, marbJes, marles, coral-reefs, shells, &c. It is 
always anhydrous,, and occurs in two incompatible crystalline 
forms, the rhomboidal crj-st;?! of calc-spar, which w ith its nume- 
rous modifications is much the most abundant, and the six- 
sided prism of arragonite, isomorphous with carbonate of strori- 
tian, which may be readily recognized by falling to powder 
when heatfd. The grains of this powfler have the form of calc- 
spar, The « density of carbonate of lime in these two forms is 
sensibly diflerent, that of calc-spar being 2.719, and of arrago* 
(fl* I^ose). Carbonate of lime consists in 100 parts, 
of 56.29 lime and 43,7 1 carbonic acid. 

Carbonate of lime may also be obtained in the state of a hy- 
drate, by heating togeftier 1 part of hydrate of lime, 3 of sugar, 
and 6 of water, filtering the solution and leaving it to cool in a 
^ ishallow vesrel. In twenty-four hours crystals appear upon 
• the surface of the liquid; and in fifteen days the whole lime is 
generally converted into hydratefl carbonate, in the form of 
|sharp transparent rhombs. The carbonic acid is absorbed from 
the atmosphere. Thejse crystals contain 5 eq. of w^ater. By 
boiling them in anhydrous alcohol, a second definite hydrate is 
obtained containing 3 eq. of water, as ascertained by Pelouze. 
These correspond in composition with two •‘crystalline hydrates 
of carbonate of magnesia. 

Carbonate of lime is-^ considered arj* insoluble salt, although 
according to BucRoIz it dissolves in 16 or 24 thousand tynes its 
weight of pure water. But it is soluble in water containing 
carbonic acid, and is generally present in the water of welb, and 
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in some ^mineral waters to a considerable extent. It is depo- 
sited from the latter, when exposed to air, in a gradual manner 
and in possession of a crystallBie structure, forming stalactites 
in mountain caverns, and calcareojis petrifactions, when it flows 
over wood and other organic and desttructibie matters, of which 
it preserves the form. It is decomposed with effervescence by 
acids. At a red heat it parts with carbonic acid and is con- 
verted into quicklime in the marqpr already described. 

A crystalline mineral was* discovered by Boussingault at 
Merida in America, which he ascertained to be a double carbo-< 
nate of soda and lime, with 5 eq. of water, and named gay- 
lussite, in honour of Gay Lussac. It may be made anhydrous 
by heat, and its two salts are then separated by water. 

Sulphate of lime, gypsum ; CaO, SOg-f^HO ; 857.2+225, 
or 68.69 + 18.— This salt precipitates as a bulky and gritty 
powder, when sulphuric acid is added to a s*olubIe salt of lime. < 
Sulphate of lime appears to have nearly the same degree 
of solubility at all temperatures, and requires 461 parts of 
water for solution. It occurs in nature in well-formed crys- 
tals, and also hi large crystalline masses, forming beds of 
gypsum ; a mineral which contains 2 eq. of w^ater, and of 
which the density is 2.322 (Roget and Dumas). Mr. John- 
ston has likewise obtained small prismatic cr^’^stals of sulphate 
of lime, deposited in a steam boiler, which contain only haiT' an 
equivalent of water (page 330), Sulphate of lime occurs in a 
crystalline form, without water, forming •tlie mineral anhydritey 
of which the density is about 2.96. Sulphate of lime fuses at a 
strong red heat, without decomposition, and 6a cooling assumes 
the crystalline form of the last mineral. To form plaster of 
Paris, gypsum, in pieces* alniut the size of a pigeon’s egg, is 
heated in an oven till it is nearly anhydrous, and then reduced 
to powder. When this is made into a paste with a little watei^ 
it forms a hard coherent mass* or sets, in a minute or two, with 
a slight evolution of heat. This artificial hydrate, dr stucco^ has 
the same composition as native gypsum. If sulphate of lime 
has been heated above 300®, in drying, it refuses to set when 
mixed with water. * 

Hyposulphite of limp is formed by adding sulphurous acid to 
a solution of sulphuret of calcium, till the solution is neutral 
and colourless. The solution is decomposed wher heated above 
140® (60” dent.) into sulphur and Sulphite of lime. If evapo- 

K K 2 * 



498 CALCIUM. 

rated below that temperature, it yields large hexagonal prisms 
of hyposulphite of lime, on cooling, which are colourless. They 
contain 5 eq. of water, and are persistent in air. 

Nitrate of lime is a highly deliquescent salt, which crystal- 
lizes with 6 eq. of water, ‘like the nitrates of the magnesian class. 
It is soluble in alcohol. 

Phosphates of When earth of bones is dissolved in hy- 

drochloric acid, and the solution afterwards neutralised by am- 
monia, that substance is thsow/i down as a light gelatinous 
precipitate, whicli Berzelius has distinguished as the bone- 
earth phosphate. It contains 8 eq. of lime, with 3 eq. of phos- 
phoric acid. Wlien moderately dried, it retains, 1 find, 4 eq. of 
water ; and as it is a tcibasic phosphate, its formula probably is 
2 ( 8 CaO, PO 5 ) + HO, 2 CaO, PO^ -f 3 HO. 

On adding chloride of calcium to the tribasic subphosphatx; 
of soda, a corresponefing phosphate of lime precipitates, of 
w'hich the formula is 3CaO, PO 5 . This phosphate occurs in 
nature in combination with fluoride of calcium in the form of 
hexagonal prisms, in the minerals apatite and moroxite. The 
formula of apatite is CaF-f 3 (3 CaO, PO 5 ). The native phos- 
phates of lead occur in the same form, with chloride of lead in 
the piece of* fluoride of calcium. Hedypkan is the same mine- 
ral, in which a portion of phosphoric acid is replaced by arsenic 

Another tribasic phosphate of linie is obtained on pouring the 
solution of common phiospliate of soda, drop by drop, into chlo- 
ride of calcium ; the liquid becomes acid. This precipitate is 
slightly crystalline. Its formula, exclusive of its water of crys- 
tallization, is HO, 2 CaO, POjj. Berzelius describes also a bi- 
phosphate of lime, obtained on ^%^a|jorating a solution of the 
preceding salt in nitric acid to the point of crystallization, of 
which the probable formula is 2 HO, CaO, PO 5 . There also 
exist a pyrophosphate and metaphosj)hate of lime. The inso- 
luble phosphates of lime are soluble in w^ater containing car- 
bonic acid. It is possibly in this manner. that phosphate of 
lime is dissolved by the alkaline animal fluicls. 

Chloride of limey bleac^iny powder. — This compound is equally 
remarkable for its^valuable applications in the arts, and for the 
discussions to which its anomalous or doubtful constitution has 
given rise.* It is generally prepared by exposing hydrate of 
lime, from the purest lime, to chlorine gas, the latter being sup- 
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plied so gradually as to prevent the heat, occasioned by the com- 
bination, from rising .above 62®. When dried at 212% hydrate 
of lime, I find, absorbs aftervArds little or no chlorine; but 
dried over sulphuric acid, without, heat, it is, on the contrary, in 
the most favouijible condition for making chloride of lime, A 
dry, white, purverulent compound is obtained, by exposing the 
last hydrate to chlorine, which contains 41,2 or 41.4 chlorine, in 
100 parts; but of this chlorine al^ut 39 parts only are available 
for bleaching, owing to 2 parts of that element going to the 
formation of chloride of calcium and chlorate of lime. A slight ' 
addition of moisture to hydrate of lime does not increase the 
proportion of chlorine absorbed, and renders the compound less 
stable. The above appears to be the maximum absorption of 
chlorine by dry hydrate of lime, and is greater than it would be 
advisable to at<^empt in tlie manufacture of bleaching powder, 
owing to the occurrence of the partial decomposition adverted 
to. Yet this proportion is considerably short of 1 eq. of chlo- 
rine to 1 of hydrate of lime, which are 48. 57 chlorine and 5 1.43 
hydrate of lime, in 100 parts. The excess of lime appears to 
be useful in adding to the stability of the compound. The 
bleaching powder of commerce may contain, when^fiewly pre- 
pared, about 30 per cent of chlorine. As I have found it in 
the shops of the apothecaries, the proportion of available chlo- 
rine w^as more frequently below than above 10 per cent, so much 
does it deteriorate by keeping. 

The same compound is obtained in solution by transmitting a 
stream of chlorine gas through hydrate of lime suspended in 
water. The lime taen absorbs a full equivalent ^ of chlorine, 
and dissolves entirely. Ten parts of 'water take up the bleach- 
ing combination from on«* paU of dry chloride of lime, leaving 
undissolved the hydrate of lime contained in excess. The solu- 
tion has a strong alkaline rcftction. It destroys most organic 
matters containing h 3 ’^drogen, including colouring matters. But 
its bleaching action is not instantaneous, unless an acid be added 
to it, which liberates the chlorine. Hence when Turkey-red 
cloth, having a pattern printed upon it with tartaric acid tiiick- 
ened by gum, is immersed for about one^iinute in this solution, 
it comes out with the^cdlour discharged wdiere the acid was 
present, but elsewhere uninjured. In this manner white figures 
are produced upon a coloured ground. The solution of chloride 
of lime also absorbs and destroys contagious matters in the at- 
mosphere, and is slowly decomposed by carbonic acid, with es- 
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cape of chlorine. ThA powder or its solution, when heated, or 
when kept for a consideraWe time, undergoes decomposition ; 
18 eq. of chlorine, then leavirfg I7eq. of chloride of calcium, 
and 1 eq. of chlorate of lime, end disengaging 12 eq. of Oxygen 
gas, according to the observations of M. Morin,, 

CONSTITUTION OF CHLORIDE OF LIME. 

Chloride of lime for bleaching was first prepared by the late 
Mr. "rennant of Glasgow, Wlio in conjunction with some scien- 
tific friends, obtained a patent for the manufacture of the dry 
compound in 17^9. For some time after the true nature of 
chlorine was known, bleaching powder appears to have been 
looked upon as sim[3ly a combination of chlorine with lime. 
But more accurate views of combination lead Berzelius to ques- 
tion the possibility of compounds of elementary bodies with 
binary compounds, which, if they exist, are certainly exceedingly 
rare, and to observe the similarity in the absorption of chlorine 
by lime, with its absorption by a strong solution of potash and 
the formation of chloric acid, and with the solution of sulphur 
in alkalies and formation of hyposulphurous acid. He con- 
cluded that a chlorous acid existed in the bleaching compounds 
of chlorine, consisting of 1 eq. of chlorine and 3 of oxygen ; the 
oxygegj^f this acid being derived from the metallic oxide like 
that of chloric and liyposulphurous acids, a corresponding 
quantity of metallic chloride being produced at the same time. 
This opinion was gc^^ierally received, the bleaching power of 
the compound being referred to the facility with which chlorite 
of lime part|t with 4 eq. of oxygen, and becomes chloride of cal- 
cium. The subsequent discovery by M. Balard, of hypochlo- 
roiis acid, a bleaching compoundf-of ‘chlorine and oxygen, which 
can be isolated, lent support to the same view, although it al- 
tered the expression of it, hypqchlorous add being substituted 
in these compounds for the cUorpus, of the separate existence 
of which there is no evidence. Hypochlorous acid is actually 
absorbed by hydrate of lime and by solutions of alkalies, with 
tlie formation of blqgching compounds, but the identity of these 
with the compounds kjsulting from the absorption of chlorine 
itself is doubtfuK The hypochlorous compounds are much less 
stable than the old chlorides, according to the observations of 
M. Martens^'. 


^ Ann. (Ic i'll. <lc Fh, t. (11, p. 



CllLORlDK OF LIME. 


501 

M. E* Millon has quite recently aruiounced some curious 
discoyeries respecting these compounds, which lead him to 
take a new and simpler view of their constitution. When the 
solutton of chloride of lime is added to nitrate of lead, a wliite 
precipitate falls, which after a time becomes brown. In the 
first state it has hitherto been taken for chloride, and in the 
second for peroxide of lead, but Millon finds that it is a com- 
pound of protoxide of lead with clilorine, in both conditions, or 
Pb + O, CK With protonitrafe df iron, a brown precipitate, of 
similar constitution, FegH-Og, Cl is produced; and with j)roto- 
salts of manganese a similar precipitate, but containing twice asf 
much chlorine. In the case of each of these three nitrates, the 
new compound corresponds with the peroxide of the same 
metal, the protoxide acquiring chlorine insteiid of oxygen. The 
red oxide, or suboxide of copper also, w^hen warmed, absorbs 
half an equivalent of chlorine, becoming, 2 ^yU-fO, Cl, which 
corresponds with the black oxidCf tlie highest degree of oxida-* 
tion of that metal. Potash, he finds also, to absorb 2 equiva- 
lents of chlorine, forming a compound K+0, 2 Ch correspond- 
ing wdth the peroxide of potassium, KO 3 ; while soda absorbs 
only 1 eq. of chlorine, forming Na + 0, Cl ; the peroxide of 
sodium containing less oxygen than the peroxyle of potas- 
sium, although the composition of the former appears not to 
be certainly determined. M. Millon conclufles that the im- 
pounds formed when chlorine is absorbed by metallic protox- 
ides are bodies analogous to the peroxides of the same metjils, 
but in which the place of a portion of th^bxygen is held by chlo- 
rine. Bleaching j jowder is thus a oomj)ound of calcium with oxy- 
gen and chlorine, in a hydrated condition, analogcjus to hydrated 
peroxide of calcium, or ^hydrated peroxide of barium which is 
better known. As a peroxiefe of hydrogen exists, the possibility 
is inferred of an analogous compound of hydrogen witli oxygen 
and chlorine, H -f O, Cl, whkh may be contained in the crystal- 
line compound hitherto view’ed as a hydrate of chlorine*. We 
have already admitted similar substitutions of chlorine for oxy- 
gen, as in chlorosiflphuric acid (page 332), Tlie relation between 
a hydrated peroxide, such as that of barium, and chloride of lime 
appears, in both being /lecomposed by acids, which unite w ith 
the barytes and lime, and liberate oxygen from the one com- 
pound and chlorine from the other. Peroxide of hydrogen also 

♦ Jounial (le rhariuticie, Sept 595. 
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rivals the chlorine compounds in bleaching power. But when 
the replacing bodies differ so much from each other as chlorine 
and oxygen, it is not to be expected that the resulting com- 
pounds will exhibit the closest analogy in properties^ 

c6lorimetrv. 

The bleaching power of chloride of lime is often estimated by 
the quantity of a solution of sulphate of indigo, which a known 
weight of chloride can discolour or render yellow. But as the 
indigo solution alters by keeping, this method is not unobjec- 
tionable. Several exact methods liave been proposed, of which 
that in which sulphate of iron is used appears to l>e entitled to 
preference. Tliis metliod reposes upon the circumstance that 
the chlorine of chloride of lime converts a salt of the protoxide 
info u salt of the peroxide of iron ; half an equivalent, or 221.8 
parts of chlorine, ‘‘effectkig that change upon a whole equivalent, 
or 1728 parts of cr. protosulphate of iron. Protoxide of iron is 
convertible into peroxide by half an equivalent of oxygen, which 
the half equivalent of chlorine may he supposed to supply, by 
decomposing water, in becoming hydrochloric acid. It follows, 
by proportivm, that 10 grains of chlorine are capable of peroxi- 
dising 78.1 giains of cr. sulphate of iron. 

A few ounces of good crystals of protosulphate of iron arc 
redufied to powder, and dried by strong pressure between folds 
of cloth ; the salt may afterwards be preserved in a bottle with- 
out change. In a chlorimetric experiment 78 grains (equiva- 
lent to 10 grains of chlorine) of this salt are dissolved in about 
two ounces of water, which may be acidulated by a few drops 
of sulphuric cf: hydrochloric acid. Fift}" grains of the chloride 
of lime to be examined are dissolved in about tw^o ounces of 
tepid water, by rubbing them together in a mortar, and the 
whole poured into the alkalimeter (page 460); wliich is after- 
wards filled up to 0 on the scale, by the addition- of water, and 
the whole mixed by inverting the alkaliineter upon the palm of 
the liand. llie solution of chloride of lime, being thus made 
up to 100 measures, is poured gradually inib the sulphate of 
iron, till the latter is •completely peroxidised, and the number 
of measures of chloride?* required to produce that effect ob- 
served. The change in the degree of oxidation of the iron 
solution is. discovered by means of red prussiatc of potash, 
which gives a precipitate of prussian blue with a salt of the 
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protoxide of iron only, and not with a salt of the peroxide. By 
means of a glass stirrer, a white stoneware plate is spotted over 
with small drops of the prussigie. A drop of the iron solution 
is mixed with one of these, after every addition of chloride of 
lime, and the additions continued, ^so long as a deep blue 
precipitate is produced. The liquid may continue to be 
coloured green by the iron salt, but that is of no moment. 
The richer the specimen of chloride of lime is in chlorine, the 
fewer measures of its solution are required to peroxidisc the 
iron, the number of measures containing 10 grains of chlorino^ 
always producing that effect. The quantity of •chlorine in the 
fifty grains of bleaching powder is now known, being ascer- 
tained by the proportion, as m measures (the number poured 
out of the alkalimeter) is to 10 grains of chlorine, so 100 is to 
the^ total grains of chlorine. In a particular experiment the 
grains of sulphate of iron required 72 irseiasuroS of the bleaching^ 
solution, lienee, as 72 is to 10, so 100 is to 13.89 chlorine in 
50 grains of the chloride of lime. The quantity of chlorine in 
100 grains of the chloride, or the per centage of chlorine, is ob- 
tained by doubling that number, and was therefore in this in- 
stance 27.78 per cent, or 28 per cent. The arithinej:ical process 
may always be reduced to that of dividing 2000 by the number 
of measures poured from the alkalimeter; thus in the last 
example — 


2000 

72 


=27.78. 


SECTION VII. 

MAGNESIUM. 

Eq. 158.3*, or 12.69; Mg. 

To obtain magnesium, sodium in a test-tube of hard glass is 
covered by fragments of anhydrous chloride of magnesium, and 
heated to redness* by a lamp. The alkaline metal unites with 
chlorine, with strong ignition. After esftractirig the chloride of 
sodium by means of water, the ma^esiuni remains in little 
globules, whi(di maf be re-united, by fusing them under a 
stratum of chloride of potassium at a moderate red lipeat. 

Mfignesium has the colour and lustre of silver; it is malleable, 
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and fuses at a red heati It is oxidised superficially by moist 
air, but undergoes no change in dry air or oxygen. Heated 
to redness, it bums with great brilliancy, foraing magnesia* 
It is evidently more analogous to zinc than to the preceding 
metals. 

Magnesia ; Mg O ; 258.3, or 20.G9. — This is the only known 
oxide of magnesium. As usually prepared by calcining the 
artificial carbonate of magnesia, it forms the magnesia usta of 
pharmacy. Magnesia is a white soft powder, of density about 
S.3, and highly infusible. It combines with water, but with 
much less avidity than lime, forming a protohydrate. The 
native hydrate of magnesia has the same composition, and so 
has the compound, obtained by precipitating magnesia from 
its soluble salts, when dried, either without heat, or at 212®. 
Thes^e preparations have a silky lustre and a softness to the 
touch, characteri&tio of nnagnesian minerals, such as is observed 
in asbestos and soapstone. •According to Dr. Fyfe, magnesia 
requires, for solution, 5142 times its w^eight of water at 6(/, 
and 3G, 000 times its weight of boiling w ater. This earth, when 
mixed with a blue infusion of cabbage, causes it to become 
green, and js therefore alkaline. 

Chloride of magnesium, made by neutralising carbonate of 
magnesia with hydrochloric acid, crystallizes with GHO, is very 
solulile and highly deliquescent. When we attempt to make it 
anhydrous by heat, hydrochloric acid escapes, and magnesia 
remains. But the puj:e chloride, which is employed in pre- 
paring the metal, may be obtained by dividing a quantity of 
hydrochloric acid into two equal portions, neutralising one 
with magnesia, and the other with ainmoina, mixing and evapo- 
rating these two solutions to dryness^ when an anhydrous double 
chloride of magnesium and ammonia is formed. On heating this* 
salt to redries > in a porcelain crucible, sal-ammoniac sublimes, and 
chloride of magnesium remains* in a state of fusion, wdiich 
becomes a translucent crystalline mass on cooling. This chlo- 
ride is decomposed by oxygen, w^hich, at a high temperature, 
displaces its chlorine, and magnesia is formed. 

Carbonate of^magrtesia. — This salt occurs native, generally 
as a white, hard, compact mineral of an earthy fracture, which 
is known as magnesite, and sometimes in fliomboliedral crystals, 
similar to those of carbonate of lime. It is prepared artificially 
by precipitating a soluble salt of magnesia, by means of carbo- 
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nate of potash at the boiling point. The precipitate is difFased 
in jpure water, and a stream of carbonic acid sent through it, by 
which the carbonate of magnesia is dissolved. On allowing 
this solution to evaporate spontaneously the excess of carbonic 
acid escapes, ^nd carbonate of magijesia is deposited in small 
hexagonal prisms with right summits. These crystals contain ^ 
3 eq. of water. Tliey effloresce in dry air, and then lose 2 eq. of 
water, according to my own observations. Carbonate of mag* 
nesia has also been obtaineA m^ crystals with 5 eq. of w\'iter. 
There are, consequently, three hydrates of this salt, of which 
the formuleo are, Mg O, COg, HO ; 

MgO, CO2, HO-h2HO; 

MgO, CO2, HO + 4Hp. 

The fact that this salt dissolves in carbonic add w^ater is not 
to be held as- proof of the existence of a bicarbonate of magnesia. 
Various insoluble salts, such as phosplfete •of* lime and fluoride 
of calcium dissolve in the same liquid, which appears to possess 
a specific solvent powder. In the analogous solution of carbo- 
nate of lime in carbonic acid w^ater, the proportion of the car- 
bonate was found by Berthollet to have a variable and indefinite 
relation to the acid. On theoretical grounds, i^upersalts of 
magnesia, or the magnesian family of oxides, &{ the crdinary 
constitution, are not to be expected, as thejr would be double 
salts of water and another magnesian oxide. 4^ 

Magnesia alba^ or the subcarbonate of magnesia of pharmacy, 
is prepared by precipitating a boilin^solution of sulphate of 
magnesia or chloride of magnesium, by means of carfefiliate of 
potash, Carbonale of soda is not so suitable-us a precipitant 
of magnesia, as a portion of it is apt to go dowif in combination 
with the magnesian capbonate, but it may be used provided the 
quantity applied be less than is required to decompose the 
whole magnesian salt in s^dution. Magnesia alba, when well 
washed with hot w^ater is \ecy white, light and bulky. A por- 
tion of carbonic acid is lost, the magnesia not being in combi- 
nation with a full equivalent of that acid. Berzelius found 
magnesia alba t<J contain, in 100 parts, 35^77 carbonic acid, 
44.75 magnesia, and 49.48 water, or tcT consist of 3 eq. of car- 
bonic acid, 4 eq. of ir^nesia, and 4*eq. of ^ water. He views it 
as a combination oT hydrate of magnesia with hydrated car- 
bonate of magnesia, of which the formula is MgO, HO -f 
3(MgO, CO2, HO). This compound is said to require 2493 
parts of cold, and 9000 of hot water for solution. 
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Bicarbonate of potash and magnesia. — This salt was formed 
by Berzelius by mixing a solution of nitrate of magnesia or 
chloride of magnesium, with a saturated solution of bicarbonate 
of potash in excess, and allowing the liquor to rest In the 
course of a few dcays, the double salt is deposited ^ large regular 
, crystals. These crystals are insipid. They are insoluble in 
purt water, but are slowdy decomposed by it The composi- 
tion of this salt corresponds with 1 eq. of potash, 2 of magnesia, 
4 of carbonic acid, and 9 pf water. As a compound of 1 eq. 
of bicarljonate of potajh and 2 of carbonate of magnesia, it may 
f)e represented thus : — 

MgO, CO 2 , HO + 2110 
HO, COj, (KO, CO 2 ) +2HO 
MgO, C02,H0 + 2H0 

But a compound like thki, of three salts of similar constitution, 
IS not easily reconciled wnth the ordinary laws of saline cx:mibi- 
nation. This salt loses 8 HO, at 21 or all its combined water, 
except the single basic equivalent. A corresponding bicarbo- 
nate of soda and magnesia also exists. 

Dolomite^ ^ magnesian lirne-stone, very extensively diffused 
in nature, is a mixture or combination of the carbonates of lime 
and magnesia, having the crystalline form of calc-spar. The 
two are almost alw ays in the proportion of single equiva- 
' lents. It is remarkable that when this rock is exposed to the 
solvent action of water containing carbonic acid, the carbonate 
of lime is dissolved exclusively, and a magnesian limestone 
remains in the form of a porous and crystalline mass. It is not 
unusual to find whole mountains of magnesian limestone thus 
altered. 

Sulphate of magnesia ; Mg O, S 03 ,'H 0 + 6110 ; 759.6 + 7^7-5, 
or 60.86 + 63. — This salt exists iq many mineral springs, in 
the waters of Epsom, of Seidlitz in Boliemia, &c., from which 
it was first procured by evaporation. It is now generally ob- 
tained from the bittern of sea water, which consists principally 
of chloride of magnesium and sulphate of magiiesia, and is con- 
verted wholly into sulplmte by the addition of sulphuric acid. 
Or magnesia is precipitatefl from seawater confined in a tank, 
by means of hydrate of lime, and the earth ""thus obtained, after- 
wards neutixilised by sulphuric acid. Magnesian limestone is 
also had recourse to for magnesia. It is burnt and slaked with 
water, to oiitain it in a divided state, and then neutralised by 
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sulphuric acid. The mixt sulphates are easily separated, that 
of lime being soluble to a small extent only, while tliat of mag- 
nesia is highly soluble' in water. A solution of sulphate of lime 
is also decomposed by carbonate, of magnesia, with the forma- 
tion of sulphate of magnesia, and this*reaction is often witnessed 
in beds of magnesian limestone, when water containing tjul- ’ 
phate of lime, percolates through them. 

The crystals of sulphate of magnesia are four-sided rectangular 
prisms, which when pure, haw|^ slight disposition to effloresce 
in dry air. One hundred parts of water at 32^, dissolve 25. 7 ^ 
parts of the anhydrous salt, and for every degree above that 
temperature, they take up 0.26564 part additional, (see Gay- 
Lussac’s table of the solubility of sate, at page 182). The 
solution lias a liitter disagreeable taste, which is charact^stic 
of all the soluble sjilts of nuignesia. I| is ^ not precipitated in 
the cold by the alkaline bicarbonates, by common carbonate of* 
ammonia, nor by oxalate of ammonia if the solution of sul- 
phate of magnesia be dilute. 

Sulphate of magnesia loses 6110 considerably under SCO®, 
but retains 1 eq, even at 400”. The last equivalent is replaced 
by sulphate of potash, forming the double sulpj^ate of mag- 
nesia and potash, which is considerably less soluble than the 
sulphate of magnesia, and crystallizes with 6410. Sulpiiate of 
m'lgnesia unites directly with sulphate of ammonia also, when 
solutions of the salts are used, but not with sulphate of soda. A 
double sulphate of magnesia and soda (^mrs, however, in the 
manufacture of sulphate of magnesia, whicli is said to have 
6H(), like the potush salt, but a different form. ^ 

Sulphate of magnesia, when ignited in coiitact with charcoal, 
leaves a sulphuret of th^Tmuial, but it is the last of the darths 
which exhibits this analogy to the alkalies. The sulphuret of 
magnesium is soluble in wati?r. It mav likewise be obtained 
by precipitating sulphate of magnesia by sulpliuret of barium. 

Hypomlphate of magnesia forms crystals, wliich are persis- 
tent in air, very , soluble, and contain 36.77 per cent, or 6 
atoms of water of crystallization, like thq following salt. 

Nitrate of magmsia is a very soluble and highly deliquescent 
salt. It crystallizes wdtfi 6HO, five of whidi it loses at a high 
temperature. The remaining hydrate may be fuscul without 
decomposition, but w^heu heated more strongly? it loses both 
nitric acid and water, and pure magnesia is left. Ij appears 
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that 006 equivalent of water is essential to the existence of this 
and aU other nitrates of the magnesian class of oxides. That 
water is not displaced hy nitrate of potash heated in contact 
with the magnesian nitrate. Nitrate of magnesia is very so- 
luble^ in alcohol^ and forrfis a solid alcoate, in which proliably 
a portion of water is associated with the alcohol. I did not 
succeed in forming a double nitrate of magnesia and ammonia, 
(nor any other double nitrate), although such a salt is admitted 
by Berzelius. » * 

Phosphate of^ magnesia is formed on mixing cold solutions of 
common phosphate of soda and of sulphate of magnesia, and 
allowing the liquid to stand for 24 hours. The salt appears in 
tufts of slender prisms, which effloresce in dry air. They 
are soluble in about lOOtf times their weight of water. The 
composition of this sal^ which I carefully examined, may be 
' expressed by the following formula, HO, 2Mg O, PO^ + 2110 -f 
12HO. (Phil. Trans. 1837.) ' 

Phosphate of magnesia and ammuwiui— This is the well-known 
granular precipitate, which appears, when a tribasic pliosphate 
and a salt of ammonia are dissolved together, and any salt of 
magnesia is added to the mixture. Its formation is had re- 
course to as a test of the presence of magnesia. Although in- 
soluble in a liquid containing salts, it is so soluble in pure water 
tfaaf it cannot be washed without sensible loss. .It is readily 
dissolved by acids. The same substance forms the basis of 
the variety of urinary -Siculus, known as the ammoniaco-mag- 
nesian phosphate. It is a tribasic phosphate, of which the 3 
atoms of base are 1 atom of oxide of ammonium and 2 atoms 
of magnesia, with 12 atoms of water of crystallization ; ten of 
the latter may be expelled without ^ny loss of ammonia. The 
formuis of this salt is therefore NH 4 0,2Mg0, P 05 + 2lI0 + 
lOHO. Pr. Otto has observed a corresponding tribasic phos- 
phate of protoxide of iron and ammonia, which contains only 
two atoms of water of crystallization ; and also an arseniate of 
manganese and ammonia, of which the wat^ of crystallization 
appears to be tbe samq as that of the phosphate of magnesia and 
ammoiiia. v 

Borate of magnesia, — Tine neutral fait was obtained by 
Wdbler, in the form of crystals, by heating a mixture of the so- 
lutions of sulphate of magnesia and borax to the boiling point, 
to form pi^pitate, and allowing the liquid to digest for 
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some time upon this precipitate, at a temperature only a few 
degrees above 32®. The precipitate re-dissolves, and there are 
formed on the sides of the Vessel thin crystalline needles, 
transparent, brilliant, hard, aii4 having much of a mineral 
character. Th^y are insoluble in or cold water. They 
lose by heat 58*4 per cent of water, or 8 atoms, and leav|| a 
compound of single equivalents of boracic acid and magnesia, 
Mg O, BO3. After the deposition of this neutral borate, the 
liquid affords large crystals of a double borate of soda and mag- 
nesia, containing 52.5 per cent of water, but of which thoi 
proportions of the constituent salts have not been determined. 

The mineral horaaiB^ which occurs in the cube and its aHied 
forms, is an anhydrous compound of magnesia and boracic acid, 
in the extraordinary ratio of 3 eq. of fnagnesia to 4 of boracic 
acid, or its formula is 3MgO-f4B03. This ^mineral becomes 
electrical by heat. The rare mineral* hydfoboracUe^ is, ac-« 
cording to Hess, a compound of a* borate of lime and borate of 
magnesia, in both of which tlie acid and base are in the same 
ratio as in boracite, with 1 8 eq. of water. 

SUicates of magnesia* — Magnesia is found 
silicic acid in various proportions, forming 
species, of which the formulae are as follows : — 

Steatite . . . MgOjSiOg. 

Meerschaum . Mg O, Si O3 + HO. 

Kcrosmine and pyrallo- j o + 2Si a,. 

O + 

Serpentine (hydrate of] 

magnesia with subsil^- >3MgO,6HO-f 2(3MgO + 2Si P3). 
cate of magnesia) '.J • 

Pyroxene or augite (si- V 

licate of lime and mag- ? 3pa 0, 2Si O3 -f .3Mg O, 2Si O3. 
nesia) • , .J 


combined with 
sevdtal mineral 


Amphibole, or horn-] 

blende (siUcateyof lime > Ca G, Si Og+BMg O, 2Si O3. 
and magnesia) •. .J 

In these minerals, particularly the tyo* last, the magnesia is 
often replaced in whole br in part by protoxide of iron, which 
gives them a green, and sometimes black colour. Fine crystals 
of pyroxene are often found among the scoriae of blast furnaces. 
Serpentine is easUy decomposed by acids, and may be em- 
ployed in the preparation of sulphate of magnesia. 
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ORDER III. 

( 

METAM-IC BA§ES OF THE EARTHS. 

SECTION vrii. 
aluminum. 

Eq. 171 . 2 , 07*13.72; Al. 

This element is named from alumen^ the Latin term for 
alum, which is a double salt, consisting of sulphate of alumina 
and sulphate of potash. 

Like the preceding metal, aluminum is obtained from its 
chloVide, by the action of potassium. But the decomposition 
, must be effected in a* platinum or porcelain crucible, as the 
heat evolved from the reactidn, which occurs, would fuse glass. 
Eight or 10 grains of potassium are covered by a quantity of 
anhydrous chloride of aluminum, containing, as nearly as pos- 
sible, the proportion of chlorine equivalent to the potassium ; 
the lid of the crucible is fastened down by a wire, and the heat 
of a lamp ajjplied. The action which follows is violent, and 
attended with the^ evolution of much heat. The aluminum is 
afterwards separated from the chloride of potassium, with wliich 
it is mixt, by digesting the crucible and its contents in a con- 
siderable quantity of^ld water. The metal appears as a grey 
powder, resembling spongy platinum, J)ut is seen in a strong 
light, while suspended in water, to consist of small scales or 
spangles havftig the metallic lustre. It is not a conductor of 
elecV’icity when in tliis divided state, ^ but becomes one when 
its particles are approximated by fusion. Wohler finds that 
iron resembles aluminum in that jespect. 

Aluminum has no action upon ‘water at the usual tempera- 
ture, but decomposes it to a small extent, at the boiling tem- 
perature, with the evolution of hydrogen. It undergoes oxi- 
dation more rapidly in solutions of potasl),* soda and ammonia, 
and the resulting aluftiina is dissolved by these alkalies. Alu- 
minum requires fojr fusion a temperature higher than that at 
which cast iron melts. Heated in open* air it takes £re and 
burns with a vivid light, and in oxygen gas with the production 
of so much heat as to fuse the alumina, which then has a yel- 
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lowish colour, and is equal in hardness to the native crystallized 
aluminous earth, corundum. 

Alumina; AlgOjj 642.4, or* 5 1.44. — ^I'his earth is the only 
degree of oxidation of which aluminum^ is susceptible, so far as 
is known at present. In its constitution, alumina is presumed 
to resemble peroxide of iron, because it occurs crystallized in 
the same form as the native peroxide of iron, and the salts, into 
which it enters, are strictly isomorphous with the corresponding 
salts of that oxide. To three atoms df oxygen it must, there; 
fore, contain two atoms of metal, such being t^e compositiorP 
of peroxide of iron. Aluminum is not known to enter into 
any other combination in a less proportion than two equiva« 
lents. • 

Alumina occurs in a state of purity, with the exceptiqji of 
a trace of colouring matter, in two precious st^es, the sapphire 
and ruhy^ the first of which is blue, and the other red. They* 
are not inferior in hardness to the diamond. Their density is 
from 3.9 to 3.97. It may be obtained by calcining the sulphate 
of alumina and ammonia, or arnmoniacal alum, very strongly. 
But alumina so prepared is insoluble in acids. It is obtained 
in the state of a hydrate from common alum, by c^issolving the 
latter in boiling water, and adding a solution of carbonate of 
potash till it no longer causes a j^recipitate ; a slight excess of 
the carbonate may tlien be added, and the whole allowed to 
digest at a gentle heat for some time, in ^order to decompose 
a subsulpliate of alumina which the alkWi first throws down. 
The precipitate, which is wdiite, gelatinous, and very bulky, 
must be carefully wa:died, by mixing it several Jiines * with a 
large quantity of distilled water, allowing it to settle and 
pouring off the clear li^uicl^ or by affusion and decjintation, 
us it is said. The precipitate is then dissolved in hydrochloric 
acid, the solution filtered, if hot clear, and precipitated again 
by ammonia or its carbonate. This last operation is necessary, 
in order to get rid of a portion of carbonate of potash which 
remains attached alumina, when precipitated by that salt. 
Ammonia cannot be substituted fqr potajh in the first preci- 
pitation, as it throws down a subsulphate of alumina, and does 
not deprive the fourth qptjrely of its acid. TIi^ alumina of the 
second precipitation is also in the state of a subsalt, unless 
ammonia be added ip excess, wliiqh is capable of decomposing 
completely the subsalt frqm bydrochloiic acid. The ^alumina 
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must again be carefully washed, as before, to get rid of every 
portion of the liquid in which it was precipitated. By drying 
in air, alumina is reduced to a few hundredths of the bulk of 
the humid mass. It is still. a hydrate, but when ignited at 
a high temperature, it givfcs pure alumina. Ono hundred parts 
of alum furnish only 10.3 parts of alumina. 

Alumina is white and friable. It has no taste, but adheres to 
the tongue. Before the oxihydrogen blow-pipe, it melts into a 
colourless glass. After Ifeing ignited, it is dissolved by acids 
•with great difficulty. It is highly hygrometric, condensing 
about 1 5 per cent of moisture from the atmosphere in damp 
weather. If ignited alumina contains a small portion of 
magnesia, it becomes* mirrn when moistened with water ; this 
property is very sensible, even when the proportion of magne- 
sia does not exceed half a per cent. It appears to be due to 
heat disengaged by humectation, a phenomenon first observed 
by Pouillet. 

The hydrate of alumina, when moist, is gelatinous and semi- 
transparent, like starch, but dries up into gummy masses. It is 
completely insoluble in water, but is readily dissolved by acids, 
and also by jbhe fixed alkalies. Caustic ammonia dissolves it, 
only in very small quantity. When an excess of tlic hydrate, 
immediately aftel precipitation, is digested in caustic potash, 
by a moderate temperature, and the solution filtered and sealed 
up in a flask, there separate from it after a time crystals upon 
the sides of the vesrfil. The same crystals are obtained, on 
allowing the solution to absorb carbonic acid slowly from the 
air. Tliey afe white and transparent at the edges, and contain 
34.fil per cent of water, or 3 equivalents, which they do not 
lose* at 213*'. (Mitscherliclfs Traite.) **The mineral is a 

native hydrate of alumina of the same composition, Al 203 -f 
3H0. Another native hydrate* exists, containing less water, 
A 1 . 203 -f 2 HO. It is called by mineralogists, from de- 

crepitating and falling to powder when heated, a property which 
the artificial hydrate in gummy masses likejsiise exhibits. 

Hydrated alumina Jlias a peculiar attraction for organic matter, 
which it withdraws from solution, and hence this earth is apt 
to be discoloured* when waslied with water not absolutely pure. 
This affiiiity is so strong, that when digested in solutions of 
vegetable colouring matters, alumina combines with, and carries 
down t|je colouring matter, which is removed entirely from the 
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liquid, if the alumina is in sufficient quantity. The pigments 

J ped lakeii are such aluminous compounds. The fibre of 
►tton, when charged with this earth, attracts and retains with 
rce the same colouring matters.* Hence, the great application 
of aluminous salts in dyeing, to impregnate cloth or yarn with 
alumina, and thus enable it to fix the colouring matter, and * 
produce a fast colour. 

Alumina, it will be observed, is not a protoxide, and is greatly 
inferior to the preceding earths in* basic power. It is dissolved 
by acids, but never neutralises them completely.. Hence, alutif 
and all the salts of alumina have an acid reaction. Their so- 
lutions have an astringent and sweetish taste which is peculiar 
to them. Alumina dissolves, to the e’ktent of several equi- 
\"alents, in some acids, particularly hydrocliloric acid, forgiing 
feeble compounds, wliicli are even deprived pf^a jiortion of their 
alumina, by filtering them throughjmper. It does not combine 
with some of the weaker acids, such as carbonic acid. Hence 
an alkaline carbonate throws down alumina from alum, and not 
a carbonate of that earth. Alumina dissolves readily in solu- 
tions of potash or soda, forming compounds in which it must 
play the part of an acid. Such combinations occjji^ in nature, 
spinell being an aluminate of magnesia (Mg O, AI 2 0,), and 
gahnite an aluminate of zinc (Zri O, Al^ O 3 ). • 

All the known compounds of aluminum correspond with alu- 
mina, in the ratio of their equivalents, that is, to two atoms of 
aluminum they contain three atoms of Mother body. 

Sulphuret of alurmmm is formed by burning the metal in the 
vapour of sulphur. It is a black serni-metallic ijiass, which is 
rapidly transformed, by contact of water, into alumina and sul- 
phuretted hydrogen. Hydrosulphuret of ammonia has the^ame 
effect upon the solution of a salt of alumina, fis ammonia itself, 
neutralising the acid of the ^alt, and throwing down alumina, 
while sulphuretted hydrogen escapes. 

CMoride of alummum ; AI2CI3; 1070.3 or 133 . 84 . — When 
alumina is dissolvft^ in hydrochloric acid, it is to be supposed 
that w^ater and a chloride of the metal ^re formed (311 Cl and 
Alg O 3 —AI 2 CI 3 and 3110). The solution, wdieri concentrated 
by spontaneous evaj^pration in a very dry •atmosphere, yields 
crystals, which Bonsdorff found to contain 44.7 per cent, or 
12 eq. of water. But it generally forms a saline mass, which 
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deliquesces quickly in the air. When it is attempted to make 
this salt anhydrous by heat, the chlorine goes off in the form 
of hydrochloric acid, and pure afumina is left. 

The anhydrous chloride was discovered by Oersted, who 
made known a method of preparing it, which has since had 
numerous applications. Pure alumina, free from potash, is in- 
timately mixed with carbon, in the form of lampblack, and 
strongly calcined in a crucible. The alumina is thus made 
anhydrous, without Ijein^ otherwise altered. It is then intro- 
* 9 uced into a porcelain tube, which is placed across a furnace 
and exposed to a red heat. Ohlorine gas, carefully dried, is 
conducted over the materials in the tube, when, under the con- 
joint influence of carbon and chlorine the alumina is decom- 
pose^ ; its oxygen is carried off by the carbon as carbonic 
oxide gas, and chlorine unites with the aluminum itself, in the 
place of oxygen. The chloride of aluminum, being volatile, sub- 
limes and condenses in the cool part of the porcelain tube. A 
glass tube, a little smaller than the porcelain tube, should be 
introduced into this part of the latter, which may afterwards be 
drawn out, containing the condensed chloride. The salt is 
partly in tWe state of long crystalline needles, and partly in 
the form of a firm and solid mass which is easily detached 
from the glass. 

Chloride of aluminum is of a pale greenish yellow colour, 
and to a certain degree translucent. In air it fumes slightlj’^, 
diftuses an odour of hy'lrochloric acid, and runs into a liquid by 
the absorption of moisture. It is very soluble in water, but 
cannot again be recovered in the anhydrous condition. It is 
equally soluble in alcohol. Chloride of aluminum combines 
with -sulphuretted hydrogen, phosphufetted hydrogen, and also 
with ammonia. The latter compound Persoz finds to contain 
27.6 1 per cent of ammonia, ^Al.^ Clg-f SNHg. 

fluoride of ahinumim can only be obtained by dissolving 
pure alumina in hydrofluoric acid ; it does not crystallize. This 
fluoride unites in two proportions with fluoride of potassium, 
for which it has a strong affinity. Both the compounds are 
gelatinous precipitates, which become white and pulverulent 
after being washed and dried. Berzetiu^ assigns to them the 
formulee, SKF-f A13F3 and 2KF+AI3F3. - Fluoride of alumi- 
num exists* in two crystalline minerals, one of which, on account 
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of its transparency, hardness and brilliaricy, is reckoned among 
the precious stones. They are, with their formulae after Ber- 
zelius : — 

Topaz . . 3(Al2 03,.Si03) + (Al2 03+Al2F3) 

Pyknite . . 3(A}^ Si ©3*) + Al^ F3. 

The mlphocyanide of aluminum crystallizes in octohedrons, 
which are persistent in air. 

SALTS Of ALUMINA. 

Sulphate of alumina; AI2 O3, 3SO3+ 18HO ; 2145.8 -f 2024.Gi 
or 171.95 + 162.23. — Obtained by dissolving alumina in sulphu- 
ric acid. It crystallizes with difficulty in thin flexible plates of a 
pearly lustre, has a sweet and astringentAaste, and is soluble in 
twice its weight of cold water, but does not dissolve in alcohol. 
When heated it fuses in its water of crystallization, swells’ up, 
and forms a light porous mass, which appears At first to be inso-^ 
luble in water, but dissolves complJitely after a time. Heated to 
redness it is entirely decomposed; the residue is pure alumina. 
This salt has been found in the crystalline form, in the volcanic 
island of Milo in the Archipelago. Sulphuric acid and alumiuf 
combine in several proportions, but this is contidered the 
neutral sulphate, as it possesses the same numbe/of atoms of 
acid, as it contains of atoms of oxygen in the Jjase. 

Another sulphate of alumina (Al2 03,3S03+Al2 O3) is ob- 
tained, according to Mans, by saturating sulphuric acid with 
alumina, which contains twice as muchfilCimina as the neutral 
sulphate. After evaporation this subsalt presents itself in a 
gumray^mass, which dissolves in a small quantity of water, but 
is decomposed when the solution is diluted with % large quan- 
tity of water, or boiled >*in .that case the neutral salt remains 
in solution, 'and the following salt precipitates. Subtrisulpliate 
of alumina (AI2 O3, 3SO3+2AI2 O3) precipitates on adding am- 
monia to the sulphate of aluiflina, as a white insoluble powder, 
which is not decomposed by an excess of ammonia. It contains 
besides 46.9 per cqnt of water, or 9 atoms. This subsalt forms 
the mineral aluminite^ which is fqund near Newhaven in Eng- 
land, and at Halle in Germany. 

Alum^ sulphate of ahimna and potash; JKO, SO3-I-AI2 O3, 
3 SO 3 + 24HO; 3236.^+2700, or 259.38+216.— Sulphate of 
alumina has a strong affinity for sulphate of potash; in conse- 
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quence of which octohedral crystals of this double salt precipi- 
tate, whenever any salt of potash is added to a strong solution 
!of sulphate of alumina. Alum* is a salt of which large quan- 
tities are consumed in dyeing* It is prepared by several pro- 
. cesses, or derived from different sources. It may be prepared 
fby decomposing clay with sulphuric acid ; the decomposition is 
[effected in the most complete manner by igniting pure clay, 
grinding it afterwards to powder and mixing' it with 0.45 of 
sulphuric acid, of 145 density.* This mixture is heated in a 
•reverbenitory furnace till the mass becomes very thick ; after- 
wards left to itself for at least a month, and then treated with 
water to wash out the sulphate of alumina formed, 'flie addi- 
tion of sulphate of potash converts the last salt into alum. 
But^the mode of manufacture just described has not been found 
so advantageous., as the following, which alone is practised in 
this country. A series of beds occur low in many of the coal 
measures, which contain much bisulphuret of iron. One of 
these known as alum slate is a siliceous clay, containing a con- 
siderable portion of coaly matter, and of the metallic sulphuret 
in a state of minute division. When this mineral is exposed to 
air and m5isturc, it soon exfoliates, from the formation of sul- 
phate of iron, the bisulphuret of iron absorbing oxygen like a 
pyrophorus. The excess of sulphuric acid formed attacks the 
otlier bases present, of which the most considerable is alumina. 
Aluminous schists often require to be moderately calcined or 
roasted, before they -indergo this change in the atmosphere. 
The mineral being lixiviated, after a sufficient exposure, affords 
a solution of sulphate of alumina and protosulphate of iron, 
from which tne latter salt is first separated by crystallization. 
The ‘subsequent addition of sulph ite' of potash to the liquor, 
causes the formation of alum ; the chloride of potassium answers 
the same purpose, and has the advantage over the sulphate that 
it converts the remaining sulphates of iron into chlorides, which 
are very soluble, and from which the alum is most easily sepa- 
rated by crystallization. A very pure alum ( is obtained in the 
Roman states from alum-stone, which is simply heated till sul- 
phurous acid begins to egpape from it, and the residue of this cal- 
cination treated with water, 'fliis mineral contains an insoluble 
subsulphate of alumina with sulphate of potash. The heating has 
the effect of separating the excess of alumina, so that a neutral 
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sulphate of alumina is formed. Alum-stone appears to be con- 
tinually produced at the Solfatara near Naples, and other vol- 
eanic districts, by the joint actibn of sulphurous acid and oxygen, 
upon trachyte, a volcanic rock composed almost entirely of fel-. 
spar. • * , 

Alum requires 18.4 parts of cold and only 0.75 parts of boil - 
ing water to dissolve it, and crystallizes very readily in regular 
octohedrons, of which the apices are always more or less trun- 
cated, from the appearance df faces*of the cube. The taste of ; 
alum is sweet and astringent, and its action decidedly acid, aitU 
it dissolves metals, with evolution of hydrogen, as readily as 
free sulphuric acid. The crystals effloresce slightly in air, and ; 
when heated melt in tlieir water of* crystallization, which 
amounts to 45.5 per cent of their weight or 2i atoms. The 
fused salt in losing this water, becomes viscjd, Iroths greatly, 
and forms a light porous mass known as burnt alum. 4 

A pyrophorus is formed from an intimate mixture of 3 parts 
of alum and 1 of sugar, which are first evaporated to dryness 
together, and then introduced into a small stoneware bottle, 
ah d this placed in a crucible and surrounded with sand. The ; 
whole is heated to redness till a blue flame appears jft the mouth 
of the bottle, which is allowed to burn for a few*miniites, and [ 
the mouth then closed by a stopper of chajk. After cooling, 
the bottle is found to contain a black powder, which becomes f 
red hot when exposed to air, and catches fire also and burns/ 
with peculiar vivacity in oxygen gas. iJilns property appears; 
to depend upon the highly divided state of sulphuret of potas- 
sium, which is intermixt with charcoal and jsulphate of alumina^ 
A pyrophorus can be produced from the sulpffate of potash 
alone, without tlie sulpb^tte^of alumina, but it does not so ce**"" 
tainly succeed. 

If the quantity of carbonate of soda, necessary to neutralist 
a portion of alum, be divided into tliree equal portions, and 
added in a gradual manner to the aluminous isolution, it will be 
found that the alumina at first precipitated, is redissolved upon 
stirring, and that no permanent precipitate is produced till nearly 
two parts of alkaline carbonate are addjd.* It is in the condition 
of this partially neutralised solution that alum is generally ap- 
plied as a mordant to cloth. Animal charcoal readily withdraws 
the excess of alumina from this solution, and so do^is vegetable 
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fibre^ probably from a krnilar attraction of surface. When this 
solution is concentrated by evaporation^ alum crystallizes from 
it, generally in the cubic form, the excess of alumina is pre* 
cipitated. 

Sulphate of ammonia hmy be substituted for sulphate of po- 
tash in this double salt, giving rise to ammoniacal alum, which 
agrees very closely in properties with potash alum. 

Sulphate of alumina also combines with sulphate of soda 
forming mda alum^ which crystallizes in the same form as 
j^ommon alum, and also contains 24 HO. Crystals are obtained 
iby mixing the constituent salts, and leaving a concentrated solu- 
Jtion to spontaneous evaporation; or by pouring spirits of wine 
jupon tl.e surface of a solution contained in a bottle, which 
|(le{)osits crystals as the alcohol gradually diffuses through it. 
}l^his*^salt effloresces in air, as rapidly as sulphate of soda. It is 
ivery soluble in M^it*er, *10 parts of water at 60^' dissolving II 
l^iarts of this salt. 

Sul])hate of alumina also combines with the sulphate of 
{protoxide of iron, when dissolved with that salt and a consider- 
Wble admixture of sulphuric acid (Klauer). The double salt 
was found to contain 1 eq. protosulphate of iron (FeO, SO 3 ), 

1 1 eq. sulpliat 6 of alumina and 24 eq. of water 

/(24ll()), which indicates a similarity in composition to alum. 
•But it is deposited in long acicular crystals, whicli do not belong 
to the octoliedral system, and has therefore no claim to be con- 
sidered an alum. A ^iiijplar salt with magnesia was obtained in 
the same way. Anotlier combination of the same class, con- 
taining the sul|)hate of manganese, forms a white fibrous mineral 
found in a caie upon Bushman’s river in south Africa. This 
salt has been carefully examined by^Apjohn and by Kane, and 
found to contain 25 HO. It is probable that if the proportion 
of water in Klauer's salts were accurately determined, it would 
be found to be the same. These salts may be represented as 
compounds of a magnesian sulphate, retaining its single atom 
of constitutional water, with sulphate of alumiqa ; the manganese 
compound thus : — 

MnO, SO 3 , IlO+xil^ O 3 , 3Si;0 + 24H0. 

Certain salts have been formed, isomorpuous with alum, and 
strictly analogous in composition, iji which the alumina is re- 
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^placed by metallie oxides isomorphous with it, namely, by per- 
oxide of iron, deutoxide of manganese, and oxide of chromium. 
To these salts the generic term^alum is applied, and the species 
is distinguished by the name of , the metallic peroxide it con* 
tains, as iron alurriy manganese alum^ and chrome ahm. 

Alumina dissolves freely in most acids, but like metallic pc- . 
iroxides in general, it affords few crystalline salts, except doulde 
isalt^. The oxalate of potash and alumina is the only other of 
jthese that has been formed, it i^ remarkable for its composi- 
Ition, containing 3 eq. oxalate of potash to I eq. oxalate of aluv 
imina, with 6 eq, of water Its formula is, therefore, 

3 (KO, C2 03 )+Al 2 03 , 3C2O3 + GIIO. 

Like alum it is the type of a genus of double salts. Tlie^or- 
responding oxalates, containing soda, crystalli2ie with lOflO. — 
(Phil. Trans. 1837 , p. 54 .) 

Nitrate of alumina is said to crystallize with difficulty in 
prismatic crystals radiating from a centre. 

‘ An insoluble phosphate of alumina precipitates when phos- 
phate of soda is added to a solution of alum. By fusion it 
gives a glass like porcelaiji. Its coinposltion is 2^12^)35 SPOj 
(Berzelius). This salt, dissolved in an acid and preeijiitated by 
ammonia in excess, gives a more highly basic phe*sphate, of 
which the formula is 4AI2 O3, 3PO5 (Berzelius). The last salt 
occurs in nature, in combination with fluoride of aluminum, in 
the form of radiating crystals, containingte7.8 per cent of water. 
It is the mineral wavellitCy of which the formula is AI2 Fg-f 
3(4Al2 O3, 3 PO*,; + , 30110 . A phosphate of alumina and lithia, 
containing the same suliphosphate of alumina, forms the rare 
mineral amblygonite^ and**infty be prepared artificially. Itfs for- 
mula is 2LO, PO5 +4AI2 O3, 3PO5. 

SILICATES OF ALUMINA. 

The varieties of clay are essentially silicates of alumina, but 
composed as they are of the insoluble matter of various rocks 
destroyed by the action of water, it is imt to be expected that 
they will be uniform in composition, •Mitsciierlich considers it 
very probable that the basis of clay is usually a subsilicate of 
alumina,'^ of which, the formula is 2AI2O3, 3 Si 03;.and which 
contains 57.42 parts of silica and 42.58 of alumina in 100 parts. 
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But from the analysis of Mosander, the refractory clay of Stour- 
bridge (a fire-clay) is a neutral silicate of alumina, Alg 
3Si Og* China-clay or kaolin^ llrhich is prepared from decay- 
ing granite, being the result of the decomposition of the 
felspar and miea of that* mineral, is not uniform in its compo- 
sition. ^ 

A subsilicate of alumina exists, forming a very hard crystal- 
lized mineral, disthene or cyanite^ of which the formula is 2 AI 2 
0„ Si O 3 . - ^ 

Double silicates of alumina and potash are extensively diffused 
in the mineral kingdom, forming a very considerable portion 
of the solid crust of the globe. The most usual of these double 
salts is the following. . 

Felspar is composed of single equivalents of the neutral sili- 
cates of potash and alumina. Its formula is therefore analo- 
, gous to that of {fnfiydFous alum, silicon being substituted for 
sulphur; KO, Si Og-f Alj O 3 , 3Si O 3 . It is one of the three 
principal constituents of granite and gneiss. 

Amphigen or leucite occurs principally in the lava of Vesu- 
vius in a crystallized state. The relation between the potash 
and aluminu is the same as in the preceding mineral, but it con- 
tains one-thiM less silica. Hence the formula SKO, 2 Si Og-h 
3 (Al 2 O 3 , 2 Si O 3 ), A similar combination is obtained by pre- 
cipitating a saturated solution of alumina in potash, by a solu- 
tion of silicate of potash (Berzelius.) 

When a mixture bf^ silica and alumina is fused with an ex- 
cess of potash, and the fused mass washed with water, to with- 
draw everything soluble, a powder remains in which the potash 
and alumina Sre still in the ratio of single equivalents, but in 
w^hicb the oxygen of the silica is eqqal to that of the bases. This 
double salt has consequently the formula, 3KO, Si Og+SAljOg, 
2 Si O 3 . f 

Albite or soda felspar much rdfsembles felspar in properties. 
Its composition is analogous, with the substitution of soda for 
potash; NaO, Si Og+Al^ O 3 , 3Si O 3 . 

Analdme is the soda silicate proportional to amphigen. It is 
crystallized like amphigen, but contains 8.27 p®r cent or 6 atoms 
of water. Its for^iula is 3NaO, 2 Si 03 -h 3 (Al 2 O 3 , 2 Si 03 )-!“ 
6 HO. 

A third compound may be prepared, corresponding with the 
artificial potash compound above. It occurs also in hexagonal 



EARTHENWARE AND PORCELAIN. 


521 


prisms in the lava of Vesuvius, forming the mineral nephelin. 
Other silicates of soda and alumina are : — ► 

Mesotype or natrolite^ NaO, Si 03 4-3(Al2 O3, Si 03)4*2110. 

SodalitCy 3 NaO, 2Si 03 4-2{Al2.03, SiO^). The latter con- 
tains also chlorine. 

The two silicates of lithia and alumina are : — 

PetalitCy LO, 2Si 034* Al^ O3, SSi O3. 

Triphane or Spodumeney LO, Si O^^ AI2 O3 2Si O3. 

Harmotome \s a silicate of •banytes* and alumina, containing 
water. 

The silicates of lime and of alumina combine in many difler- 
ent proportions, forming a great variety of minerals. Most of 
them contain water, in consequence of which they froth wlien 
heated before the blow-pipe, and hence are called zeolites^ 
One of these named stilbitey from its shining lustre, corresponds 
in composition with felspar, but contains m* addition 6 atoms* 
of water j its formula is CaO, Si O jd- AI2 O3, 3 Si 03 4 -t>H 0 . 
A small portion of one or other of the alkalies is often found 
in these minerals, besides small quantities of protoxide of iron 
and other magnesian oxides, replacing, it may be presumed, the 
lime in part. This extensive class of minerals hcfti been very 
fully studied by Dr. Thomson, who has added considerably to 
their number.* « 

Silicate of alumina and magnesia^ forms the mineral called 
soa2)sioney from its resemblance to mottled soap and being 
unctuous to the touch. Tlie formula assji^pied to this mineral by 
Berzelius is sMgO, 2Si ()3 4-Al2 O3, 2Si Og + tfHO. The for- 
mula of dichroitcy another combination of the same elements,' is 
3 MgO, 2Si 03-f 3 (Al 2 O3, Si O3). 

EARTHESWA*RE and PORCELAIN. 

The silicate of alumina i^ the basis of all the varieties of 
pottery. When moistened with water, clay possesses a high 
degree of plasticity, and can be extended into the thinnest 
plates, fashioned into form by the hand, by pressure in moulds; 
or, when dried to a* certain point, be modelled on the turning 
lathe. It bses its water also in drying,® without cracking, pro- 
vided it is allowed, to contract equally*in all directions, and ac- 
quires greater solidify. When heated more strongly in the 
potter’s kiln, in which it is not fused nor its particles agglu- 

• Outlines of Mineralogy and Geology, vul. 1. 
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tinflted by partial fusion, it becomes a strong solid mass, which 
adheres to the tongue, and absorbs water with avidity. To 
render it impermeable by that liquid, it is covered with a vitre- 
ous matter, which is fused at 9 high temperature, and forms an 
insolu]^ glaze or vamisli# upon its surface. But the interior 
• mass * ordinary pottery has always an earthy fracture, and 
presents no visible trace of fusion. 

When an addition is made to the clay, of some compound, 
which softens or fuses at the temperature at which the earthen- 
r^^are is fired, such as felspar in powder, then the clay is agglu^ 
tinated by the fusible ingredient, and the mass is rendered semi- 
transparent, in the same manner as paper that has imbibed 
melted wax remains translucent after the latter has fixed. The 
accidental presence of lime, potash, protoxide of iron, or any 
similar base in the clay, may produce the same effect by forming 
rA fusible silicate fliifused througli the clay in excess. Such is 
the constitution of porcelain, and of brown salt-glaze ware of 
which soda-water bottles are made, which is indeed a sort of 
porcelain. When these kinds of ware are covered by a fusible 
material, similar to that which has entered into the composition 
of their bocK/, and a second time fired, they acquire a vitreous 
coating. ThSr fracture is vitreous and not earthy, the broken 
surface does not adhere to the tongue, and the mass has much 
greater solidity and strength than the former kinds of earthen- 
ware. In combining the ingredients of porcelain, an excess of 
the fusible ingredient' to be avoided, as it may cause the ves- 
sels to soften so much in the kiln as to lose their shape, or even 
to run down into a glass ; while on the other hand if the vitrifi- 
abie constituent is in too small a proportion, th^ heat of the 
furnaee may be inadequate to softeix tl?e mass, ,and to aggluti- 
nate it completely. 

Porcelain . — ^The mode of fabricating porcelain, which has 
been known for a long time to thfi Chinese, was discovered in 
IfQG by Bbttcher, at Dresden, where the art was first practised 
in Europe, and published afterwards by Reaumur. The mate- 
rials employed are (1) a fine and pure clay, prepared by leviga- 
tion from mouldering ^anite or other disintegrated felspathic 
rocks. In China it is called kaolin. ‘That consumed in the 
great potteries of Staffordshire is prepared in Cornwall, and 
known as China clay. A comparison of compact and disinte- 
grated felspar, shows that by the solvent action of water, the 
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latter has been deprived of half its silica, and above three- 
fourths of its potash. The silicate of alumina left, winch forms 
the clay, i« very difficult of fusion. The porcelain clay used at 
Berlin, which is extracted from ^the decomposed porphyry of 
Mori, contains, in 100 parts, 71*4 silica, 26 alumina, with small 
quantities of peroxide of iron, potash, and lime (Mitsclllrlich). 
(2) Pure silica, which is prepared by heating chert or flint tp 
redness, and quenching it in water. The mineral is afterwards 
obtained, by grinding and sul)!5equent»levigation, in a state of 
the greatest division. The clay and silica, both in the. humid^ 
state, are then carefully intermixt. A body for the best kind 
of earthenware may be made of 70 parts of the prepared clay 
and 24 of ground flint. But to form porcelain an addition is 
also made (3) of finely levigated felspar, to impart fusibility, 
the proportion necessary being learned by experiment. FBos- 
pliate of lime, sulphate oT lime, and carflonit^ of lime are also , 
added for the same purpose. A fnixture of the prepared clay 
and felspar is also employed, without the introduction of silica. 
At Berlin, the porcelain earth of Mori is mixed with a quan- 
tity of felspar, which, it is said, amounts to about 32 per cent, 
without the addition of silica. At the royal pottery of Sfevres, 
in France, the materials employed are felspar as tt is found in 
three different states of decomposition, and whgeh are technically 
termed sable cailloteux, sable argileux, and kaolin, the last 
being that in which the decomposition is most advanced, with 
small quantities of silica (sable d^Aumj^ut) and chalk, lliey 
are combined in the following proportions : — 

Kaolin . . . . , . /O 

Sable cailloteux . . . 1 2 • 

Sable argiUnix^ . . . ,9.18 

Sable d^Aumont . , . 5.29 

Lime 3.53 (6,3 chalk.) 

100 

The body (pJlte) the Sfevres porcelain, so formed, consists 
very uniformly, acc&rding to M. Malaguti, in 100 parts, of— 
Silica . i . . 9/ to 58 

Alumina • . . .* 34.5^ to 35 

Lime * . • . 4.5 

Pqtash ... 3 

It forms a highly translucent and beautiful porcelain. Felspar 
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mixed with a little clay is used as the glaze for this porcelain. 
Elsewhere a mixture of sulphate of lime, ground porcelain and 
flint is sometimes used as a gllize. In painting porcelain, the 
same metallic oxides are employed as in staining glass. They 
are combined with a vitfifiable material, generally made thin 
with oil of turpentine, and applied to the pottery sometimes 
under, and sometimes above the glaze. To fuse the latter co- 
lours, the porcelain must be exposed a third time to heat, in 
the enamel furnace. 

Stoneware. — The principal varieties of clay used here, accord- 
ing to Mr. Brande, are the following : — \. Marly clay ^ which, 
with silica and alumina, contains a portion of carbonate of lime ; 
it is much used in making pale bricks, and as a manure ; and 
whfn highly heated enters into fusion. 2. Pipe clay^ which is 
very plastic and. tenacious, and requires a higher temperature 
than the preceding for fusion ; when burned it is of a cream 
colour, and is used fjr tobacco-pipes and white pottery. 
3. Potter^ clay is of a reddish or grey colour, and becomes red 
when heated ; it fuses at a bright red heat ; mixed with sand it 
is manufactured into red bricks and tiles, and is also used for 
coarse pottery (Manual of Chemistry, p. 86*1). The glaze is ap- 
plied to articles of ordinary pottery after they are fired, and in 
the condition of biscuit ware. They are dipt into a mixture of 
about 60 parts of red lead, 10 of clay, and 20 of ground flint 
diffused in water to a creamy consistence, and when taken out 
enough adheres to tW^ piece to give a uniform glazing when 
again heated. To cover the red colour, which iron gives to the 
common clays when burnt, the body of the ware is sometimes 
coloured uniformly of a dull green, by an admixture of oxide 
of chromium, or made black by oxides of manganese and iron ; 
or oxide of tin is added to the materials of the glaze, to render 
it white and opaque. The patt6rns on ordinary earthenware 
are generally first printed upon tissue paper, in an oily compo- 
sition, from an engraved plate of copper, and afterwards trans- 
ferred by applying the paper to the surface t^f the biscuit ware, 
40 which the colour adheres. The paper is ‘ afterwards removed 
by a wet sponge. The, fusion of the colouring matters takes 
place with that of4he glaze, which is 'subsequently applied, in 
the second firing. The prevailing colours of these patterns 
are blue from oxide of cobalt, green from oxide of chromium, 
and pink trom that compound of oxide of tin, lime, and a small 
quantity of oxide of chromium, known as pink colour. 
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SECTION XI. 

GUJCIXUM, YTTRIUM, CHORIUM, Z1RCONH3M. 

GLUCINUM. 

Eq. 331.3 or 26.5*4; G. 

The compounds of this metal have a considerable analogy to 
those of aluminum. Glucinum is obtained from its chloride, 
which is decomposed in the sailie manner as that of aluminum. 
This metal is fusible with great difficulty, not oxidable by air of% 
water at the usual temperature, but it takes fire, in oxygen, at 
a red heat, and burns with a vivid light. It derives its name 
from yXuoff, sweet, in allusion to the sweet taste of the salts of 
its oxide glucina. 

Gluclna (G 2 O^) is a comparatively rare ea^th, but is con- 
tained to the extent of per cent in flie enleraid or beryl, of 
which specimens that are not transparent or crystallized, can be 
procured in considerable quantity. To decompose this mineral, 
w^hich is a silicate of glucina and alumina, it must be reduced to 
an extremely fine powder, the grosser particles which fall first 
wlien the powder is suspended in water, being subnfitted again 
to pulverization, and the powder fused witli 3 times itr. weight 
of carbonate of potash. The calcined mass js rnoisi'ened with 
water, and then treated with hydrochloric acid, added in small 
portions till it is in excess. The potash, alumina and glucina 
are thus converted into chlorides, and dfcsblved. The solution 
is evaporated to dryness on a water-bath, and the residue acidu- 
lated by a few drops of hydrochloric acid.: the silica remains 
undissolved. The alumina and glucina are afteWards preci- 
pitated together from iHb solution, by ammonia ; and •after 
being well washed, but without being dried, the mixt oxides 
are digested in a large quantity of carbonate of ammonia, which 
takes up the glucina without fouching the alumina. The liquor 
is filtered, and the carbonate of ammonia being then expelled 
from it by ebullitk)n, carbonate of glucina precipitates. The 
earthy carbonate is* ignited, and leaves ^Iqpina in the state of 
a white and light powder, tasteless, inljusible, insoluble in water 
and ammonia, but soluble in potash and soda. Its density is 
nearly 3. It is distinguished from alumina, by forming a car- 
bonate, and being soluble, when freshly precipitated, in a cold 
solution of carbonate of ammonia. 
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Glucina combines with sulphuric acid in several proportions, 
forming a bisulphate (2 O3, GSOg), which is crystalUzable, a 

neutral sulphate (Gj O3, SSOg)*, which may be obtained in solu- 
tion, a soluble subsalt, Q3, 2SO3, and an insoluble subsalt, 

Emerald or beryl is a silicate of the composition expressed 
by Gg O3, 4Si O3 4 2(Al2 O3, 2Si O3). This mineral crystallizes 
in six-sided prisms, which are very hard. When coloured green 
by oxide of chromium it forms the true emerald, and when co- 
lourless and transparent aqua marina^ which are both ranked 
among the precious stones. The density of the emerald is 2.58 
to 2.732. 

Enclose is also a silicate of glucina and alumina, Gj O3, 2Si O3 
42(2A1 O3, Si O3). It is a very rare mineral, which crystallizes 
in limpid, greenjsh prisms. 

Chrysoberyly ohe of \he finest of the gems, consists essentially 
of I atom of glucina combined with 6* atoms of alumina, G^Oj, 
fiAlgOg. 

YTTRIUM. 

Eq» 402.5 or 32.25 ; Y. 

The earth yttria was discovered in 1794, by Gadolln, in a 
mineral from Yttgirby in Sweden, which is now called gadolinite. 
It has since been found in several other minerals, but all of 
which are exceedingly rare. The metal was isolated from its 
cliloride by Wohler J" precisely in the same manner as the two 
preceding metals. It is of a darker colour than these metals, 
and in oxidability resembles glucinum. 

Yttria is bonsidered a protoxide, YO. Its density is even 
greater than barytes, being 4.842.^ It. is absolutely insoluble in 
the caustic alkalies, is precipitated by yellow prussiate of po- 
tash, and its sulphate and some others of its salts have an ame- 
thystine tint, properties which dtetinguish it from the preceding 
earths. 

THORIUM. 

jBfi 744.9 or 59.88 ; Th. 

r 

This element teas discovered by Berzelius, in 1824, in a 
black mineral, like obsidian, since called from the coast 

of the NoJfth Sea. This mineral contains 57 per cent of tho- 
rina. This element has been named £rom the Scandinavian 
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deity Thor. The metal was obtained from the cliloride, and 
exhibited a general resemblance to aluminum. Like yttrium, 
it burns in oxygen with a degree of brilliancy which is quite 
extraordinary; the resulting oxide does jiot exhibit the slightest 
trace of fusion. 

Thorina is considered a protoxide, Th O. Its density is 
9.402, and therefore superior to that of all other earths. It re- 
sembles yttria in being insoluble in alkalies, but differs from 
that earth in the peculiar property* of its sulphate, to be preci- 
pitated by ebullition, and to redissolve entirely, although in a 
slow manner, in cold water. Its sulphate also forms a double 
salt with sulphate of potash, which dissolves in water, but is 
insoluble in a liquor saturated with sulphate of potash. 


ZIRCONIUM. 

Eq. 420.2 or 33.G7 ; Zr. 

Zirconium is obtained by heating the double fluoride of zir- 
conium and potassium, with potassium, in a glass or Iron tube. 
On throwing the cooled mass into water, the zirconium iemains 
in the form of a black powder, very like that of charcoal. It 
contains an admixture of hydrate of zirconia, which may be 
withdrawn from it by digestion in hydrocliloric acid, at 1 04® 
(40® cent.) The zirconium is afterward4*^vashed with sal am- 
moniac to remove completely chloride of zirconium, and then 
with alcohol to ^vithdraw the saj ammoniac. If washed with 
pure water, it is ayjt to pass through the filter. After being thus 
treated, the powder assurfres,*under the burnisher, the lustfe of 
iron, and is compressed into scales which resemble graphite. 
When heated in air it takes* fire below redness. It is very 
slightly attacked by either alkalies or acids, with the exception 
of hydrofluoric acid, which dissolves it with evolution of hydro- 
gen. \ 

The constitution of zirconia is not certainly known, but it is 
believed to be analogous to that of aUimina, Zr 2 O 3 . It was 
first recognised as a peculiar earth by Klapnith in 1789, who 
discovered it in the zircon of Ceylon, a silicate of zirconia, m hich 
is also found in the syenitic mountains of the south-east side of 
Norway. ''Flie hyacinth is the same mineral of a red^colour ; 

M M 
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it is found in volcanic sand at Expailly in France, in Ceylon, 
and some other localities. The earth is obtained from this 
mineral, which is more difficult of decomposition than most 
others, by processes for wiiich I must refer to Berzelius. 
(Trait^ t. 1, p. 325).) • ‘ 

Zirconia is a white earth, like alumina in appearance, of 
density 4.3. Its hydrate, after being boiled, is soluble with 
difficulty in acids. When heated it parts with its water, after- 
wards glows strongly, from aMischarge of heat, becomes denser 
‘^and less susceptible of being acted on by reagents. It forms a 
carbonate. When once separated from its combinations, it is 
insoluble in carbonate of potash or soda, but dissolves in them 
in the nascent state. ' The salts of zirconia have a purely as- 
tringent taste. It agrees with thorina in being precipitated, 
when any of its. neutral salts are boiJ<>d with a solution of sul- 
phate of potash. 


ORDER IV. 

METALS PROPiyi HAVING PROTOXIDES TSOMORPHOUS WITH 
MAGNESIA, WITH BISMUTH. 

SECTION I. 

MANGANESE. 

Eg. 345.9 or 27.72 ^ Mn. 

This element is found in the*ashes of plants, the bones of 
animals, and in many minerals, of which that employed in the 
preparation of oxygen is one of the richest. The black oxide 
of manganese was long known as magnesia ^aigra^ from a fancied 
relation to magnesia, alba, but was first thoroughly studied by 
Scheele in 1774, and by Gahn immediately afterwards, who 
obtained from it the metal now named manganese. 

From its strong affinity for oxygen and the very high tempe- 
rature which it requires for fusion, manganese is one of the 
metals ^proper, which is reduced and fused into a button with 
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t]\e greatest difficulty. Hydrogen and charcoal, at a red heat^ 
reduce the supenor oxides ofJ;his metal to the state of pro- 
toxide, without eliminating the pure metal at that temperature ; 
but at a white heat, charcoal deprives .this metal of its wliole 
oxygen. The following process is reconwnended by M. John for 
the reduction of manganese : it illustrates the chief points to be 
attended to in the reduction of the less tractable metals. Instead 
of a native oxide, an artificial oxide of manganese, obtained by 
calcining the carbonate in a well closed vessel, is operated 
upon. This oxide, which is preferred from being in a high 
state of division, is mixed with oil and ignited in a covered 
crucible, so as to convert the oil into charcoal. After several 
repetitions of this treatment, the carbonaceous mass is reduced 
to powder, and made into a firm paste by hiieading it wWi a 
little oil. Finally this \k^ie is introduce^ iutQ*a crucible lined 
with charcoal (creuset brasque), the.imoccupied portion of which 
is filled up witli charcoal powder. The crucible is first heated 
merely to redness for half an hour, to dry the mass and decom- 
pose the oil, after which its cover is carefully luted down, and 
it is exposed for an hour and a half to the most violent heat of 
a wind'furnacc, that the crucible itself can support without 
undergoing fusion. The metal is obtained in the I’orm of a 
semiglobular mass or button in the lower ])aft of tlie crucible, 
but not quite pure, as it contains traces of carbon and silicoii 
derived from the ashes of the charcoal. ^I^y igniting the metal 
a second time in a charcoal crucible, wifli a portion of l)orax, 
John obtained it more fusible and brilliant, and so free from 
charcoal, that it left no black powder when dissolved in an 
acid. 

Manganese is a greyish* white metal having the appearance of 
hard cast iron. Its density according to John is 8.013; while 
M. Berthier finds it to be and Bergman made it G.850. 

From its close resemblance to iron, manganese may be cxjiected 
to be susceptible of magnetism, but its magnetic powers are 
doubtful. Peclet hli^ endeavoured to show that manganese can 
assume and preserve magnetic polarity ii'om tlie temperature 
— 4° up to 70 % but that it loses it agaiif at higher temperatures. 
The small difference between the atomic weights of iron, man- 
ganese, cobalt and nickel, which are respectively 339.2, 345.9, 
36*9 and 369.9, is remarkable, attended as it is by a great ana- 
logy between these metals in many other respects. • 

M j 



530 


MANGANESE. 


Manganese oxidates readily in air, soon falling down as a black 
powder ; in water it occasions a disengagement of hydrogen gas. 
It is best preserved in naphtha, like potassium, or over mer- 
cury. Manganese possesses five degrees of oxidation^ with two 
intermediate or compound oxides. 

OXIDES OF MANGANESE. 

Protoxide or manganous oxide Mn O. 

Deutoxide or manganic oxide Mn2 O3. 

Peroxide .... MnOg. 

Red oxide .... Mn^ O4, or Mn O -f Mii^ O3. 

Varvicite . . . , Mn^ O^, or Mn2 O3 + 2Mii O2. 

Manganic acid . . . Mn O3. 

Hypermanganic acid , . Mng O^. 

Protoxide of mangimese^^ Manganous oxide ; Mn O, 44 . 5.9 or 
35.72. — ^This is the oxide existing in the ordinary salts of man- 
ganese, which are isomorphous with the salts of magnesia. 
It may be obtained by fusing at a red heat in a platinum cru- 
cible, a mkture of equal parts of pure chloride of manganese 
and carbonate of soda, with a small quantity of sal ammoniac. 
By the reaction between the first mentioned salts, chloride of 
sodium is produced and carbonate of manganese, which is de- 
composed at a red heat, leaving the protoxide of that metal. 
The hydrogen of th^ sal ammoniac reduces to the state of prot- 
oxide, at the same tihie, any peroxide which may be formed by 
absorption of oxygen from the air. Any one of the superior 
oxides of manganese, in the state of a fine powder, may be con- 
verted into protoxide by transmitting hydrogen gas over it, in 
a porcelain tube at a red heat } ther peroxide obtained by igniting 
the nitrate of the protoxide of manganese is recommended by 
Dr. Turner as the most easily' deoxidated. The protoxide of 
manganese is a powder of a greyish green colour, more or less 
deep. When obtained by means of hydrogen at a low tempe- 
rature, it absorbs oxygen from the air, spbn becoming brojvn^ 
throughout its whole, mass, and is, indeed, sometimes a pyro- 
phorus; but when prepi.red by hydrogen at a high temperature, 
or prepared by ftieans of an alkali, this oxide is permanent. 
It dissolyes readily in acids, and is a strong base. When an 
alkali is added to a solution . of its salts, protoxide of manganese 
is precipitated white, as a hydrate, which immediately absorbs 
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^xygen from the air and becomes brown ; collected on a filter 
and washed, it ends by changing into a blackish brown powder, 
which is the hydrate of the deutftxide, A similar change is in- 
stantaneously produced by the action of chlorine-water upon 
the white hydrate, or by the additiort of chloride of lime to a 
ialt of the protoxide of manganese, but then the hydrated pe- 
! oxide is formed. Protoxide of manganese resembles magnesia 
ind protoxide of iron, in being precipitated by ammonia only 
n part. • • * 

Its salts are sometimes colourless, but more generally of a% 
pale rose tint, which has lieen ascribed to a trace of manganic 
acid. But as the rose tint is not destroyed by sulphuretted 
hydrogen, it must be considered as a peculiar, although only 
occasional, character of manganous salts, (p. 152). Solutionj^of 
the salts of manganese *^ntaining a strong acid in excess, are 
not precipitated by sulphuretted hydrogen. 

Protosulphuret of manganese may be procured in the dry 
way, by heating a mixture of deutoxide of manganese and 
sulphur. Sulphurous acid is disengaged, and a green powder 
remains, which dissolves in acids witli disengagement of sulphu- 
retted hydrogen. The same compound is ol)taincM in the 
humid way, when acetate of manganese is decomposed by sul- 
phuretted hydrogen, or a manganous salt psecipital-ed by an 
alkaline sulphuret. The precipitate is hydrated, and of an 
orange colour. When the protosulphate of manganese is de- 
composed by hydrogen at a red heat, affords an oxisul- 
phuret. 

Protochloride of manganese; MnCl-f ^HO; 788.5+450 or 
G3.19 + .36. This salt crystallizes in thick tables* which are 
oblong and quadrilateral, a rose colour, is very’ soluble in 
water and slightly deliquescent. The residuary liquid in pre- 
paring chlorine, by dissolving peroxide of manganese in hydro- 
chloric acid, consists of chloridh of manganese contaminated by 
a portion of perchloride of iron. To remove the latter and 
fcbtain a pure chloride of manganese, the solution should be 
boiled down considerably, to expel the excess of acid, diluted 
afterwards with water and boiled again ,wit;h carbonate of man- 
ganese, which salt precipitates the whole peroxide of iron, 
forming chloride of manganese with its acid (Mr. Everitt). If 
about one fourth of the impure solution of chloride of manga- 
nese be reserved, and precipitated by carbonate of soda, a quan- 
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tity of carbonate of manganese will be obtained, sufficieiit to 
precipitate the iron from the other three fourths of the liquid, 
and which may be used for ttiat purpose after it has been 
washed. The chloride of manganese, is precipitated white, 
when free from iron, ‘without any shade of blue, by the 
ferrocyanide of potassium. The crystals retain one, from 
their four equivalents of water, at 212^ (Brandes), but may be 
made anhydrous at a higher temperature. Brandes finds 100 
parts of water to dissolve at'SO^"', 38.3 ; at 88®, 4(5.2 ; at 144.5”, 
*55 parts of the anhydrous salt. A higher temperature instead 
of increasing the solubility of this salt diminishes it. Absolute 
alcohol dissolves half its weight of the anhydrous chloride of 
manganese, and aifords by evaporation in vacuo, a crystalline 
alqgate, containing two equivalents of alcohol. 

ThQ corre^^ofiAing Jluoride of mang^hese {orms a double salt 
with fluoride of silicon, which is very soluble in water and crys- 
tallizes in long regular prisms of six sides. The formula of 
this double salt is, after Berzelius, 2Si F^-fSMn r + 21 HO. 

Carbonate of manganese is a white insoluble powder, 
which acquires a brown tint when exposed in the dry state at 
140®. It ^is decomposed by a red heat. Carbonate of manga- 
nese occurs in the mineral kingdom, but never in a state of 
purity, being mked with the carbonates of lime and iron, which 
have the same crystalline form. Its presence in spathic carbo- 
nate of iron is said to be the cause, why the latter yields an 
iron peculiarly adapted for the manufacture of steel. 

Protosulphate of manganese ; Mn O, SOg-f 7HO. — A solution 
of this salt used in dyeing and entirely free from iron, is pre- 
pared by igniting the peroxide of manganese mixed with about 
one-tenth of its weight of pounded coal, in a gas retort. 1 he 
protoxide thus formed is dissolved in sulphuric acid, with the 
addition at the end of a little hydrochloric acid i the sulphate is 
evaporated to dryness and heated again to redness in the gas 
retort. The iron is found after ignition in the state of peroxide 
and insoluble, the persulphate of iron being decomposed, while 
the sulphate of manganese is not injured liy the temperature of 
ignition and remains soluble. The solution is of an amethystine 
colour, and does •not crystallize readily. When cloth is passed 
through sulphate of manganese and afterwards through a 
caustic alltaii, protoxide of manganese is precipitated upon it, 
and rapidly becomes brown in the air, or it is peroxidised at 
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once by passing the cloth through a solution of chloride of lime. 
The colour thus produced is called manganese brown. 

Crystallized under 42% the stilphate of manganese gives crys- 
tals containing 7HO, which have the same form as sulphate of 
iron. The crystals which form beljween 45® and 6B% contain 
5 HO, and are isomorphous with the sulphate of copper. By a . 
higher temperature, from 6*8® to 86®, a third set of crystals arc 
olitained, which contain 4HO, their form is a right rhombic 
prism. The sulphate of iron aftd athei» sulphates also assume the 
same form (Mitscherlich). This salt loses 3HO at 240®, be^ 
retains 1 eq. even at 400®, like the other magnesian sulphates. 
M. Kuhn finds, that when a strong solution of the sulphate of 
manganese is mixed with sulphuric acid and evaporated by heat, 
a granular salt is precipitated, which contains only one equiva- 
lent of water. This so^hate also forms a doqble salt with suh 
phate of potash, which contains 6HO. *The ‘anhydrous salt is* 
soluble, according to Brandes, in 5 parts of water at 50% in 1 
part at 1 22« ; but above the latter term, the salt becomes less 
soluble. It is insoluble in alcohol. 

Hyposulphate of manganese (page 335), is obtained by 
evaporation as a deliquescent saline mass. The «|)eroxide of 
manganese used in preparing it, should be prcvfously treated 
\v4th nitric acid, to dissolve out the hydrajed oxide, and be 
well washed. The oxalate of manganese^ is a highly insoluble 
salt. The acetate is soluble in 3^ parts of cold water, and also 
in alcohol. The bitartrate of potash Idfcsolves protoxide of 
manganese, and forms a very soluble double salt, the tartrate 
of potash and m anganese^ which can be obtained, although w ith 
difficulty, in regular crystals. 

• • 

Deutoxide of manganese^ Manganic oxide ; Mng O3 ; 991.8 or 
79.44. This oxide is left of a dark brown, almost black colour, 
when the nitrate of the protoxide is gently ignited. It also 
occurs crystallized in the mineral kingdom, although rarely ; its 
density is 4.818, Jwid it is named hramite as a mineral species. 
The hydrate of martganic oxide is formed by the oxidation in 
air of the manganous hydrate. The njarfganic hydrate also fre- 
quently occurs in nature* of a black colour, bgth crystallized and 
amorphous, and is often mixed with the peroxide of manganese. 
It constitutes the mineral species manganite^ of which the den - 
sity is 4.3 to 4.4, and the formula Mn 2 O3, HO. This oxide 
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colours glass of a red or violet colour. The common violet or 
purple stained glass, contains manganic oxide ; also the amethyst. 

Manganic oxide is a base isomorphous with alumina and the 
peroxide of iron. It dissolves in cold hydrochloric acid, with- 
out decomposition, and m sulphuric acid, with a slight diges- 
tion. The manganic sulphate was found by Mitscherlich to 
form an alum, with sulphate of potash. Its solutions have a 
deep brown colour. At a higher temperature acids reduce the 
deutoxide of manganese to the stete of protoxide, with evolution 
^ oxygen gas. 

Sesquiddoride of manganese (Mn 2 CI3) is formed when 
the deutoxide is dissolved in hydrochloric acid at a low tempe- 
rature. The solution is yellowish brown or black, according to 
its degree of concentration, and is decomposed by a slight ele- 
vation of temperature, with evolution chlorine. A corres- 
ponding sesgnifludrMe ftiay be crystallised. 

Sesquicyanide of manganese. — A compound of this cyanide is 
formed, when the protacetate of manganese is mixed with 
hydrocyanic acid in excess, then neutralised with potash and 
evaporated 5 by tlie absorption of oxygen, the manganous cya- 
nide is clumged into hydrated manganic oxide and manganic 
cyanide, which last combines with cyanide of potassium, and 
appears, on the cooling of a concentrated solution, in red 
crystals, which dissolve easily in water, (Mitscherlich). This 
salt is analogous to red prussiate of potash, containing manga- 
nese instead of iro.;,; and may, therefore, be represented as 
containing manganicyanogen — manganicyanide of potassium^ 
K 3 -h(M 2 Cyg). As a double cyanide, its formula would be, 
3KCy-f Mria'Cyg. 

Red oxide of manganese^ Mn Q, Mng, O 3 , named by 
Berzelius manganoso-manganic oxide, is produced at all times 
when any oxide of manganese is heated strongly in air. It is 
a double oxide, being a compound of single equivalents of 
protoxide and deutoxide of manganese. It forms the mineral 
hausmanite, wliich differs from manganite in, having manganous 
oxide in the place of water. Its density is 4 . 722 . Berthier 
finds that strong nitrit acid dissolves out the protoxide of man- 
ganese from the r^d oxi(fe, and leaves a remarkable hydrate of 
the peroxide, of which the formula is 4 Mii 62 + HO. 

Peroxide of manganese^ Black oxide of manganese ; Mn 02 ; 
545.9 or 43.72. — ^This is the familiar ore of manganese em- 
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ployed in the preparation of oxygen and chlorine. It generally 
occurs massive, of an earthy appearance, and contaminated 
with various substances such las peroxide of iron, silica and 
carbonate of lime ; but sometimes of a fibrous texture, consist- 
ing of small prisms, radiating from a ^jmnmon centre. Its den- 
sity varies from 4.819 to 4.94 ; as a mineral species it has been 
named pyrolusite.^ ' Another important variety of this ore, 
known as wad^ is essentially a hydrate, containing 1 eq. of 
water to 2 eq. of peroxide, accq^ding to Dr. Turner. A hy- 
drated peroxide, consisting of single equivalents of its constij 
tuents, is formed by precipitating the protosalts of manganese 
by chloride of lime ; and the same com})Ound results from the 
decomposition of the acids of manganese, when diluted with 
water or an acid. It is possible tliiit the equivalent of this oxide 
should be doubled, that its proper formula is Mn*04, 
corresponding with perojflde of chlorine, • Cl O4. 

The peroxide of manganese, loses one fourth of its oxygen at 
a low red heat and is changed into deutoxide ; by the effect of a 
bright red heat it loses more oxygen, and becomes red oxide, 
the condition into whicli all the oxides of manganese pass when 
ignited strongiy in the open air. The peroxide docjp not unite 
either with acids or with alkalies. When boiled with sulphuric 
acid it yields oxygen gas and a sulphate of the protoxide. In 
hydrochloric acid it dissolves with gentle Sigestion, evolving 
clilorine gas, and forming protochloride of manganese, (page 
357). It is extensively used in the artj^r preparing chlorine, 
and also to preserve glass colourless by its oxidating action. 
In the last application, it is added to the vitreous materials in a 
relatively small proportion, and becomes protoxidi, which is not 
a colouring oxide, while gis deutoxide it would stain glass purple. 
At the same time it destroys carbonaceous matter, and converts 
protoxide of iron, which colours glass green, into peroxide 
which is less injurious. • 

The mineral was discovered by Mr. Phillips among 

some ores of manganese from HartshiU in Warwickshire. It is 
distinguished from "the peroxide by being much harder, having 
more of a lamellatod structure, and by yielding water freely 
when heated to redness! Its density ^s 4.531. It may be sup- 

From irvp, fire, and I wash, in allusion to its bcin^ employed to 
discharge the brown and green tints of glass. 
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posed to consist of l eq. of deutoxide, and 2 eq. of peroxide 
with 1 eq. of water (Dr. Turner) ; its formula is, therefore, 
Mn^ O 3 , Mn^ O 4 -f HO. 

VALUATION OF PEROXIDE OF MANGANESE. 

The numerous applications of the higher oxides of manganese 
depending upon the oxygen which they can furnish, render it 
important to have the means of estimating expeditiously and 
without difficulty their value, for such purposes. The value of 
^lese oxides is exactly proportional to the quantity of chlorine 
which they produce, when dissolved in hydrochloric acid, and 
the chlorine can be estimated by the quantity of protosulphate 
of iron, which it peroxidises. Of pure peroxide of manganese 
545.9 parts (1 eq.) produce 442.6 parts of chlorine, which per- 
oxiflise 3456 parts (2 eq.) of crystalliz^ protosulphate of iron 
, (page 502). IIeifc6 56 grains of perSxide of manganese yield 
chlorine sufficient to peroxidise 317 grains (more exactly 316.5 
grs.) of protosulphate of iron. 

Fifty grains of the powdered oxide of manganese to be ex- 
amined are weighed out, and also any known quantit)^, not less 
than 317 grains, of the sulphate of iron (copperas) employed in 
chlorimetry. The oxide of manganese is thrown into a flask 
containing an ou;ice and a half of strong hydrochloric acid, 
diluted with half an ounce of water, and a gentle heat 
applied. The sulphate of iron is gradually added in small 
quantities to the acidcj absorb the chlorine as it is 

evolved, and the addition of that salt continued till the liquid, 
after being heated, gives a blue precipitate with the red prussiatc 
of potash, and has no smell of chlorine, which are indications 
that the protosulphale of iron is prescf^U in excess. By weigh- 
ing what remains of the sulphate of iron, the quantity added is 
ascertained ; say m grains. If .the whole manganese were 
peroxide, it would require 317 gi^ins of sulphate of iron, and 
that quantity would, therefore, indicate 100 per cent of peroxide 
in the specimen ; but if a portion of the , manganese only is 
peroxide, it will consume a proportionally ‘-smaller quantity of 
the sulphate, which quantity will give the proportion of the 
peroxide, by the proportion : as 317 r 100 m : per centage 
required. The per centage of peroxide of manganese is thus 
obtained by multiplying the number of grains of sulphate of 
iron peroxidised, by 0.3 17* 



HYPERMANGANIC AClf). 


537 


It also follows that the per centage of chlorine, which the 
same specimen of manganese would afford, is obtained by mul- 
tiplying the number of grains of sulphate of iron peroxicliscd by 
0.2588. 

Manganic acid; Mn O 3 ; 645.9 or 51.72. — When peroxide of 
manganese is strongly ignited with hydrate or carbonate of 
potash in excess, manganic acid is formed, under tlje influence of 
the alkali, together with a lower /)xid^ of manganese. Ignition 
in open vessels or witli an admixture of nitrate of potash, in- 
creases the production of the acid, by the absorption of oxygen 
which then occurs. The product has long been known as 
mineral chameleon^ from the property of its solution, which is 
green at first, to pass rapidly througli several shades of colour. 
But a more convenientwirocess for preparing manganate of pT!tash 
is that recommended !))• Dr. Gregory,-^ He mixes intimately 4 
parts of peroxide of manganese imfine powder with parts o^ 
chlorate of potash, and adds them to 5 })arts of hydrate of 
potash dissolved in a small quantity of water. The mixture is 
evaporated to dryness, powdered, and afterwards ignited in a 
platinum crucible, but not fused, at a low red heaj. Digested 
in a small quantity of cold water, this affords a deep green solu- 
tion of the alkaline manganate, wdiich may be obtained in crys- 
tals of the same colour by evaporating the solution over sul- 
phuric acid in the air-pump. The manganates were discovered 
by Mitscherlich to be isomorphous with ^le sulphates and chro- 
mates, It has not yet been found possible to isolate manganic 
acid. Its salts in solution readily undergo decomposition, 
unless an excess of alkali be present ; and are also destroyed by 
contact of organic matt^ such as paper. 

Hy permanganic acid^ Mn^Oy ; 1391.8, or 11 i.44. — Wlien the 
green solution of manganatjj of potash, prepared as above di- 
rected, is diluted with boiling water, hydrated peroxide of man- 
ganese subsides, and the liquid becomes of a beautiful pink or 
violet colour. T]ie manganic acid is resolved into peroxide of 
manganese and hypermanganic acid : 

3Mn O 3 = Mn ahd Mng Oy. 

The hypermanganate of potash should be rapidly concentrated, 
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without contact of organic matter, and allowed to crystallize. 
The crystals are of a dark purple colour, almost black, and soluble 
in sixteen times their weight of cold water ; they were found by 
Mitscherlich to be isomorphous with hyperchlorate of potash. 
The hyperrnanganates give out oxygen when heated, and are 
, reconverted into manganates. Their solutions have a rich pur- 
})le colour, and are so stable that they may be boiled, if con- 
centrated. A small portion of a hypermanganate imparts a 
purple colour to a very lai^e quantity of water. 

^'•The insoluble manganate of barytes may be formed by fusing 
j)eroxide of manganese with nitrate of barytes ; and when mixed 
with a little w^ater, and decomposed by an equivalent quantity of 
sulphuric acid, aflbrds ,/ree hypermanganic acid. In Mitscher- 
lich^s experiments, the free acid appeared to be a body not 
more stable than peroxide of hydrogeti, being decomposed 
, between 8(>^’ and It) witli the escape' of oxygen gas and pre- 
cipitation of hydrated peroxide of manganese. It bleaclied 
j)owerfully, and was rapidly destroyed by all kinds of organic 
matter, M. Huenefeld, on the otlier hand, obtained hyper- 
manganic acid in a state in which it could be preserved, evapo- 
rated, redissk^olved, &c. He washed the manganate of barytes 
with hot wateV, by which it is resolved into peroxide of man- 
ganese and hypermanganate of potash, and then added to it the 
quant ily of phosphoric acid exactly necessary to neutralise the 
barytes. The liberated hypermanganic acid was dissolved out, 
evaporated to dryness>^and by a second solution and evapora- 
tion, obtained in the form of a reddish brown mass, crystalline 
and radiated, which exhibited the lustre of indigo at some 
points, and was entirely soluble in water. When dry hyper- 
inangapic acid was fused in a retort W2th anhydrous sulphuric 
acid, and afterwards distilled by a higher temperature, an acicular 
sublimate, of a crimson red colour was obtained, which appeared 
to be a combination of hypermanganic and sulphuric acids. 
(Berzelius’s Traits, i, 522 .) 

Hyperchloride of manganese^ Mn2 CI7, is a greenish yellow gas, 
which condenses at zero into a liquid of *11 greenisli brown 
colour. This liquid diffuses purple fumes, owing to the forma- 
tion of hydrochloric and hypermanganic acids, by the decom- 
position of the moisture of the air. It wsis formed by Dumas 
by dissolving tlie mapganate of potash in oil of vitriol, pouring 
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the solution into a tubulated retort, and adding by degrees 
small portions of fused chloride of sodium or potassium, that 
is, salt completely free from Vater. The hyperchloridc of 
manganese is the result of a reaction between the liberated 
hypermanganic and hydrochloric acidjf : 

Mn^ O7 and 7H Cl = Mn^ CI7 and 7HO. 

A corresponding hyperfluoride rhanganese was formed by 
Wohler by distilling, in a platinum retort, a mixture of rnaif# 
ganate of potash and fluor spar in powder, with fuming sulphuric 
acid. It is a greenish yellow gas, which likewise produces 
purple fumes in damp air. 


ISOMORPHOUS llELATIONS OK KIANVANESE. 

The compounds of no element enter into so many isomor- 
phous groups, and connect so large a proportion of the elements 
by the tie of isomorphism as those of manganese. The salts of 
its protoxide arc strictly isomorphous with tlie salts ^f magnesia 
and its class ; so that manganese belongs to and itpresents the 
magnesian family of elements. The same metal connects the 
sulphur family with the magnesian, by the isomorphism of the 
sulphates and manganates ; and, therefore, sulphur, selenium, 
and tellurium are thus allied to the magnesian metals. To these 
there may be occasion to add oxygen, if the reported discovery, 
by M. Persoz, of a class of hyposulphites isomorphous with the 
sulphates should pn^ve to be correct. These hyjiosulphites are 
compounds of h^^posulpljurc^us acid with basic sulphuret^ and 
present a remarkable analog^ in solubility and other properties, 
to the sulphates, as well as similarity of form. Being sulphur 
salts, they are termed sulpho-^ulphates by Persoz, The sulj^ho- 
sulphate of potash is formed by fusing 80 parts of sulphur 
with 100 parts o4 dry carbonate of potash, and washing out 
the sulphuret of jfbtassium with alcohol. 

An equally interesting relation is tlAt of hypermanganic 
with hyperchloric acid,* and the isomorphism, which it esta- 
blishes, of 2 equivalents of manganese with 1 equivalent of 
chlorine, and the other members oj|its family. We are thus 
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enabled tx) place together for comparison tlie corresponding 
compounds of a magnesian metal or sulphur, and of chlorine, as 
in the following scheme : 

Metallic or Sulphur compound. Corresponding Chlorine compound. 

Suboxide of copper, . Cug O . Hypochlorous acid, Cl O, 

Manganous oxide, . Mn O . Wanting. 

Sulphurous acid, . .,802 6. Wanting. 

Manganic oxide, . . Mn2 O3 Wanting. 

Manganic acid, . . Mn O3 Wanting. 

Peroxide of manganese, Mn2 04 Peroxide of chlorine, Cl O^ 

Hyposulphuric acid, . 85 O5 . Chloric acid, Cl O^. 

Ilypermangaiiic acid, Mng O7 Hyperchloric acid. Cl 

Although hyposulj)huric acid is placed in relation with chloric 
acid, in the preceding table," it is not known that the hypo- 
sulphates are isornorphous with the chlorates. It will be 
observed that the compounds deficient in the chlorine series 
arc the analogues of those containing a single equivalent of 
raanganese‘'or sulphur, and a compound of chlorine and oxygen 
resembling manganic oxide. The former deficiencies may l)e 
connected with the indivisibility of the equivalent of chlorine. 

That 2M11, 2Zn, 2S, 20 , 2H, &c. have the same value and 
character in combination as Cl, is certainly a very remarkable 
circumstance. It suggests the idea, that it is by the intimate 
association or conjunction of tivo basyle atoms ythat one salt-radical 
atom is produced ; and consequently that the basyle or salt-radical 
character of an elementary body is not absolute, but relative to 
the gfouping of its atoms. In discu3sing the molecular condition 
of the metallic portions of the voltaic circle, (page 20/) it was 
assumed that the ultimate atoms of a metallic mass are under the 
influence of chemical affinities, being in a state of chemical com- 
bination with one another, and not isolated and independent of 
each other, like loose grains of sand. Tlfe binary or saline 
structure of the metalhc molecule there assumed, may be more 
precisely described by asrdgning to it three atoms of metal, two 
of which conjoined form the salt-radical or chlorous atom, and 
one the basyle or zincous atom. As this molecular theory 
modifies, in some degree, while it simplifies, and renders greatly 
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more precise, the view of voltaic action maintained in this work, 
I shall place in a note below a concise statement of tlie principles 
of that view, in its amended form.* 

♦ This modification of the chemical theory df the voltaic circle, which dis- 
penses with any electrical hypothesis, is founded upon the three followiiis 
postulates : 

L The Unary constitution of salts, which has already been fully discussed 
(page 160 ,) This applies to the fluid nortions §f the circle, and its assump- 
tion is equally necessary on the usually received electro-chemical theory of the 
circle. 

II. The Sali-molecular structure of metals. — By this is meant that the metals 
are composed of molecules or groups of three atoms, having a binary or saline 
character, as explained above. The metallic and^ fluid portions of the circle 
are thus assimilated in constitution. A decomposition can be propagated in 
any direction through the flqid portion of the circle, owing to the mobiliiy of 
each particle, which permits i*- tj take the new pos^tion^recfuired with a change 
of the direction in which the decomposing force is made to act, (page 204.) 
But decomposition is propagated, in both directions, through a chain of me- 
tallic molecules also, although solid, and therefore without the same power of 
adjustment. To explain this, it must be supposed that an internal decom- 
position can readily take place in the metallic molecule itself ; that in respect 
of its three atoms. A, B and C, A forming the zincous element, and B + C the 
chlorous element, a change can easily occur, in which C becom^ the zincous 
element of the sali-molecule, and A + B the chlorous clement ; that, sc pposing 
the three atoms of the molecules disposed in a line. A, B, C, any of its saline 
elements may be either to the right or left, as A f B(^ or AB + C. The three 
atoms of the molecule being of one metal, and of the same nature, may admit 
of this change of internal arrangement, by a substitution of one atom for an- 
other. 

Several circumstances favour the idea of the existence of the assumed con- 
dition of metals : 1 . In iron the susceptibility of magnetism is confined to the 
metal itself and one degree of oxidation, the black oxide, witlt its correspond- 
ing sulphuret. This is the degj^ee of oxidation into which iron most readily 
passes ; it consists of single eefuivsflents of the protoxide and peroxide,** or oi 
three atoms of iron and four of oxygen. There is oxidation, in its formation, 
without disturbance of the metallic «ali-molecule, Fe + Fcj ; the zincous ele- 
ment, Fe, combining with 1 eq. of <^ygen, to form Fe O, and the chlorous 
element, Fcj, with 3 eq. of oxygen, to form Fej O 3 ; and these two oxides 
themselves remaining in a state of union. Metallic iron having, therefore, e 
common magnetic chara<jJ:er with the black oxide of iron, or the loadstone; 
which has three atoms of metal in its molecule, may well be supposed tc 
have three also. It is worthy of passing remark, that this double oxide ia 
peculiar to the magnetic metals. It may not be an itye hope to look for the 
elucidation of the cause cf magnetism in the peculiarities of the moleculai 
structure of iron. 

2 . It is supported by the disturbance of chemical affinities, or the electrica 
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Eq. 339.‘2 w 27*18; Fe {fermm). 

The most remarkable of the metals ; the production of which, 
from the numerous and important applications it possesses, 
appears to be an indispensable condition of civilization. Mete- 
pric masses of iron, often so ‘pure as to be malleable, are found 

effects, consequent upon the contact of different metals ; for one metal may 
be affected by another metal, admitting the reality of their sali-molecular 
structure, as well as by a ,salt or acid, the constitution of all these bodies 
being the same. When copper, for instance, touches zinc, the chlorous ele- 
meiVv of the copper molecule tends to leave its^own zincous element, and to 
combine with the zipepus ^element of the zinqf molecule ; so that a similar 
disturbance takes place us if the zinc were touched by hydrochloric acid. 
But the phenomena of the contact of metals belong to that class in which the 
chemical action stops short of combination, the chlorous element of the copper 
molecule attracting its own zincous element the less that it attracts likewise 
the zincous element of the zinc, but not abandoning the former and combining 
with the latter. They belong to the class of the open, and not of the closed 
circuit. Sulphur, dry acids, peroxides, and many other bodies, disturb thp 
molecular affinities of the metals they touch, in the same manner. The sali- 
moleculc of the highly negative metals, gold, platinum, mercury, &c., contains 
a strong salt-radical, united with a weak basyle, and resembles hydrochloric 
acid and the hydrates of the strong acids ; while the sali-molecule of the 
highly positive metals, potassium, zinc, &c., contains a powerful basyle and 
weak salt-radical, like tlWhydrated alkalies. In an alloy of two metals, the 
whole positive metal may exist as basyle, and the negative metal as salt- 
radical ; as in the crystallizable amalgam of cadmium, Cd Hgo. The sali- 
molecule of iron is difficult of decomposition, hence the unusual difficulty 
of alloying that with other metals, and the tendency of the iron molecule to 
combine, as a whole, as in the magnetic cfxide. 

3. llie reaction of the sali-molecules of different metals upon each other, 

when heated, af'pears to be the cause of the phenomena of thermo-electricity, 
(page 226), but these are phenomena of ' the closed circle. It will be evident 
to those who are acquainted with the Contact Theory of galvanism, so ably 
developed by Ohm, and supported by the German electricians, and which 
embraces so happily the whole circle of the phenpmena, that the chemical 
view, advocated here, althpugh founded on a different fundamental assump- 
tion, has a more perfect cons^tency and parallelism in its details with that 
theory than the electrg-ehemical theory, generklly received, possesses* (Tay- 
lor’s Scientific Memoirs, No, 7.) " 

4. The relation of the phosphorus group of elements to the magnesian 
elements appears to be this : the equivalent of phosphorus, nitrogen, anti- 
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widely although thinly scattered over the earth’s surface, and 
probably first attracted the attention of mankind to this metal. 
Of the occurrence of metallic^ iron as a terrejstrial mineral in 
situ^ the best established instances are the species of native iron 

mony and arsenic is equivalent to three magnesian atoms, and yet it is the • 
least combining proportion of the elements enumerated. This view, which 
was always probable, seems now rendered necessary by the observation of 
MM. Liebig and Dumas, that in the potash- tartrate of antimony strongly dried, 

1 eq. of antimony replaces 3 eq. of hydit>gen. Yet the elements of this triple 
molecule are not separable. In their individual action, however, we appesi 
to have the cause of the singular tendency of the members of the phosphorus 
family to combine with three equivalents of other bodies, as with 3H, 30, 
3Ni, 3Cu, 3Co, 3Hg, &c., and of the tribaaic character of phosphoric, arsenic, 
and phosphorous acids. These elements, then, have an indissoluble sali- 
molecule. Metallic antimony also is isomorpbous with tellurium, andbcoq- 
nected, therefore, through sulphur, with the magnesian family. 

5. Of the formation of molecular groups of atoms of the same element,* 
apparently united by chemical affinity, if would not be diflSfult to multiply 
instances. Thus the atoms of sulphur appear to be associated in a molecular 
group composed of 12 atoms, when it possesses the crystalline form of bisul- 
phate of potash ; for the integrant particle of the salt contains not less than 
that number of atoms. Supposing also sulphur, in the state of vapour, to be 
similarly constituted, then, instead of one-third of a volume, it#molcculc will 
give four voluihes of vapour, the most usual of all proportions. Tn crystal- 
lized sulphur, then, there may exist the same arrangement and afrgregation of 
atoms as in bisulphate of potash, resulting from the action of similar affinities. 
M. Liebig has represented KSg, the pentasulphuret of potassium, by KS,SS,, 
or as a sort of sulphate of the sulphuret of potassium, which is quite in ac- 
cordance with these molecular views. • r'-' 

A change in the number of atoms forming the sulphur molecule, or in their 
arrangement, will account for the dimorphism of that, body; indeed, incon- 
stancy of molecular structure may be the general origin of dimorphism. In 
compound bodies, such as the ^ids, we have often illustrations of a similar 
association of several atoms. • It appears, in the proportions in whiSh they 
occasionally unite with bases, as in the terchromate of potash, the teriodate 
of soda, and may be inferred from# the products of their decomposition in 
other cases. Thus, when chlorate of potash is decomposed by sulphuric acid, 
three equivalents of that salt are decomposed together (page 371), which is 
certainly a strong presumption that these three equivalents were previously 
associated in some way*, forming one whole. On a similar presumption, Mits- 
cherlich triples the equivalent of white precipitate, and makes it (3Hg Ad + 
3Hg Cl), because that compound affords N H& eA one of the products of its 
decomposition. It is certainty curious that me aggregation so indicated is 
very often that of three atams, as if the atoms of compound bodies affected a 
salt molecular arrangement, similar to that assumed by the atoms of elements. 

III. The JRotal aetkn of ekemical qffiniiy, — Chemical affinity is certainly ca- 
pable of acting at a distance in a particular manner, llie chemical affinity or 

. N N 
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which accompanies the Uralian platinum, and a thin vein about 
two inches in thickness, observed in chlorite slate, near Canaan 
in the United States. In a state' of combination iron is exten- 
sively diffused, being found in small quantity in the soil, and 

* characteristic attractive power of hydrogen, or of any other basyle, is a con- 
stant quantity. When the hydrogen is in combination with chlorine, as hy- 
drochloric acid, that affinity is entirely engrossed by the chlorine. The che- 
mical affinity of the chlorine, op the ot^jer hand, which is also a constant 
quantity, is then entirely engrossed by the hydrogen. But if an atom of zinc 
in, be brought in contact with a particular molecule of hydrochloric acid 
Cl + H, then a portion of the affinity of Cl is engaged by Zn, and divertc 1 
from H, which is proportionally relieved from that affinity. The unoccupied 
affinity of H can act upon the CU of an adjoining particle of hydrochloric 
acid ; of which the 11', in so far as it is relieved from its own Cl', can attract 
the Cl" of a third particle of hydrochloric acid, aqd the hydrogen H", of this 
third, the chlorine of raffouu^h, and thus an ac;tic)n be propagated in a recti - 
^ linear direction through the acid to a considerable distance from Zn, where it 
originated. The unoccupied affinity of the first H, instead of acting upon 
a single line of particles of hydrochloric acid, as above supposed, may be di- 
vided among several lines of particles ; these lines will radiate^from a common 
centre Zn, being mutually repulsive of each other, for the same reason as the 
threads of iron filings attached to the pole of a magnet are so, (page 204). As 
the number oi^ lipes and of particles of acid affected at any particular distance 
from Zn, will increase with that distance, the action upon any one particle will 
necessarily diminish w,Hh its distance from the disturbing centre Zn, indeed it 
will be in the inverse ratio of the square of the particle's distance from Zn. 

A class of phenomena depending immediately upon the propagation of che- 
mical affinity to a distance are those of cementaiion. When a compact mass 
of pure iron (a bar of the'^etal) is exposed to carbonic oxidp gas, at a red 
heat, the superlicial particles of iron decompose that gas, by the exertion of a 
zincous affinity, taking carbon from the oxygen with which it is united, and 
becoming carbui1::t of iron. But if exposure to the carbonic oxide be conti- 
nued, jjie combined carbon does not remain at the surface of the iron, but 
travels inwards, diffusing itself through tlfe metallic mass. It thus appears 
that when the iron Fe, of the superficial carburet, which we may represent by 
Fe + C is in contact with a second atom ef carbon C', it attracts C', and C 
being proportionally relieved from the affinity of Fe, may act upon the ad- 
joining and interior atom of iron, Fe', and indeed combine with it, while the 
external atom Fe combines at the same time with C'. , The original atom of 
carbon C may thus combine in succession with a sei^ics of atoms of iron, Fe, 
Fe', Fe", &c., extending ^nto the interior of the metallic mass, provided 
always that carbon be constantly supplied to the external atom of iron Fe. 
Again, the steel may be decarbonised, by exposing it to a source of oxygen, as 
by heating it in contact with oxide of iron, when ‘ the converse of what has 
been described occurs. The superficial particles of iron being deprived of their 
carbon, the balance of the attractive forces soliciting that element is turned, 
and it nov^ travels in an outward direction, and abandons the iron entirely. 
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in most minerals, and as sulphuret, oxide and car})onate in 
quantities which afford, an inexhaustible supply ~ of the metal 
and its preparations, for economical purposes. 

Iron differs from any other metal in two points, winch 

if the external oxidating action is supported for a BuflScient length of time. It 
is very obvious, from the phenomena of cementation, wFich are exhibited by* 
a great variety of solid bodies besides iron, that a particle of carbon, when in 
combination with a particle of iron, may still attract and be attracted by the 
surrounding particles of that metal, iind«thus exercise an influence at a distance. 

The action of chemical affinity described in the preceding cases, as in dif^- 
tion rectilineal, may very readily assume a circular direction or return upon 
itself. Thus, if two particles of hydrochloric acid, A and B, be disposed to- 
wards each other, with their unlike atoms together, as in 
figure 70, it is obvious thatf by an inconceivably minute 
expenditure of force, the h oC A may be made to unite 
with^.he cl of B, while the h of B combines, at the san\e 
time, with the cl of A, or*the*combimitions take place 
indicated by the brackets, and the two new molecules oT 
hydrochloric acid C and D are produced. It is impossible 
to prove the occurrence of such a decomposition in 
molecules of the same kind, but we have it constantly 
illustrated in double decompositions where the molecules are different — as in 
hydrochloric acid and cyanide of silver, when the new produces, hydrocyanic 
acid and chloride of silver are formed, and demonstrate if^ occurrence by a 
sensible change. Now, instead of a pair of molecules of hydrochloiic acid, 
we may have a circle composed of any number thus^m contact, and under- 
going decomposition, as in the figure. For 
when the affinity of the cl of any acid mole- 
cule A(fig. 80) i-3 engaged by hof the adjoining 
jnolecuie B, to*its left, the A of A is propor- 
tionally relieved from the affinity of its own 
ch The A of A is thus free to act upon the 
cl of the acid molecule Cf to its right ; and 
^he relieved hydrogen of that uppn the 
chlorine of a third molecule to- the right, 
and sO on round the circle, as indicated by 
tte brackets. When this action reaches B, 
the h of that molecule is thereby relieved 
from the attraction of its own cl, and on that account can the more readily 
combine with the cl o# A. 

We pass at once from this to the voltaic circle, by supposing that part of 
these molecules are acid (A), part zinc (B), fjfid part copper (C), but all 
having the same binary or inline organizatiol), and symmetrically placed in 
regard to each other. Thjjs, which I previously described as the inductive ac- 
tion of affinity from its analogy to magnetic induction, I now think may; with 
more propriety, be distinguished as the roial action of affinit)^, and founded 
upon as a fundamental law of chemical affinity. Other applications will be 
found, for the molecular theory which it involves, in the sequel, f 
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greatly alSFect the methods of reducing it. Its particles agglu- 
tinate at a full red heat, although the pure metal is nearly in- 
fusible. The oxides of iron, which are easily reduced by com- 
bustible matter, thus yield in the furnace a spongy metallic 
mass, which may admit df being compacted by subsequent 
'heating and hammering, if the oxide has originally been free 
from earthy and other foreign matter. Such probably was 
everywhere the earliest mode of treating the ores of iron, and 
we find it still followed am*ong‘rufle nations. But iron is also 
Angular in forming, at an elevated tenfperature, a fusible com- 
pound with carbon (cast iron), the production of which facili- 
tates the separation of the metal from every thing extraneous in 
the ore, and is the basis of the only method of extracting iron, 
exter-sively practised. 

The ore of iron^njost;, abundant in ^the primary formations, 
‘is the black oxide or magnetic orCy which affords the most 
celebrated and valuable irons of Sweden and the north of Eu- 
rope ; but of which the application is greatly circumscribed from 
its not being associated with coal. In the secondary and ter- 
tiary formations, the anhydrous and hydrated peroxide of iron, 
red and l^oym hemUtitCy occur occasionally in considerable 
quantity, often massive, reniform, and quite pure, at other 
times pulverulent cind mixt with clay. It is employed to some 
extent in England, in the last condition, but only for the pur- 
pose of mixing with the more common ore. The crystallized 
carbonate of iron, ox^atliic irony is smelted in some parts of 
the continent, and gives an iron often remarkable for. a large 
proportion of pianganese. The celebrated* iron of Elba is de- 
rived from specular or oligistic irony a crystallized peroxide. 
But tfie consumption of all these ores is Inconsiderable, compared 
with that of the clay iron-stone of the coal measures. This is 
the carbonate of the protoxide of iron mixt with variable quan- 
tities of clay and carbonates of lime, magnesia, etc. ; it is often 
called the argillaceous carbonate of iron. It is a sedimentary 
rock wholly without crystallization, resembhhg a dark coloured 
limestone, but of highp density, from 2.936 to 3.471, and not 
effervescing so strongly in an acid. It occurs in strata, beds 
or bands, as they kre also named, from 2^ to 10 or 14 inches in 
thickness, alternating with beds of coal, clay, bituminous schist, 
and often limestone. The proportion of iron in this ore, varies 
considerably, but averages about 30 per cent, and after it has 
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been calcined, to expel carbonic acid and water about 40 per 
cent,* 


SMELTING CLAY IHON-STONE. 

• The blast furnace, in which 
the ore is reduced, is of the* 
form represented in the 
margin, 55 to 60 feet in 
heiglit, with an interior dia- 
meter of from 14 to *F7 
feet at tlie widest part. Tlie 
cavity of the furnace is 
entiifely filled with fuel, and 
the other materials, vliich 
are ^ coptinuously supplied 
from an opening near the top? 
and the combustion main- 
tained by air thrown in at 
two or more openings, 
called twyeres near the bot- 
tom, under pressure of 
about 6 iiiches of mercury, 
from a •blowing apparatus, 
so as to maintain the whole 
contents of the furnace in a 
state of intense ignition. When the air*t6 support the combus- 
tion has attained a temperature of 600® or 700 ®, by passing 
through heated iron tubes, before it is thrown in|o the furnace, 
raw coal may be used §s the fuel ; but with cold air, the coal 
must be previously charred tp expel its volatile matter, aRd con- 
verted into coke, otherwise the heat produced by its combus- 
tion is insufficient. With tlje ore and fuel a third substance is 
added, generally limestone, the object of which is to form a 
fusible compound with the earthy matter of the ore ; it is, there- 
fore, called a ^ Two Jiquid products accumulate at the bot- 
tom of the furnace, namely a glass cjjmposed of the flux in 
combination with the e^irthy impuritiis of the ore, which when 

• Accurate analyses ofisevdral Scotch varieties of^ this ore have been pub- 
lished by Dr. H. Colquhoun. Brewster's Journal, vii, 234 or Dr. Thom- 
son's Outlines of Mineralogy and Geolog)^ i, 446 ; and of the French ores 
by M. Berthier, in his Traits dea Eaaais par la Voie Seche, ii, 252, a work 
which is quite invaluable for the metallurgic student. 
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drawn off forms a solid slag^ and the carburet of iron, or metal, 
which is the heavier of the two. It may be drawn from 
observations made by Dr. Clark, m 1833, on the working of the 
Scotch blast furnaces, under the hot blasts that the relative pro- 
portions of the materials, including air, and product of cast iron 
'are as follows , 

VVcigbt. 

Coal. . . . . . . .5 

Roasted iron stone/ . ^ . . .5 

Limestone. . . . . . .1 

Air. .11 


Average product of cast iron. . . . 2 

Tlie ultimate fixed products are the slag^ and carburet of iron, 
J)ut the formation ‘'of thtjse is preceded by several interesting 
changes, which the ore successively undergoes in the course of 
its descentin the furnace. A portion of the oxide of iron is 
certainly reduced to the metallic state, soon after its introduc- 
tion, in the upper part of the furnace, by carbonic oxide and 
volatile combustible matter ; but the reduced metal does not 
then fuse. A*' large portion of the oxide of iron must combine 
also, at the same time, with the silica and alumina present in 
the ore, which act as acids, and a glass be formed, of which 

the oxide of iron is scarcely reducible by carbon. But this 

injurious effect of tln^acid earths is counteracted by the lime 
of the flux, which being a more powerful base than oxide of 
iron, liberates that oxide from the glass, and neutralises the 
silica ; so thatf the slag eventually becomes a silicate of lime 

and alumina, with scarcely a trace of , oxide of iron, when the 

proportions of the materials introSuced into the furnace are 
properly adjusted. The whole oxi^le of iron comes thus to be 
exposed to the reducing action of »the volatile combustible, and 
consequently the whole iron is probably, at one time, in the con- 
dition of pure or malleable iron. But when the metal descends 
somewhat farther in the furnace, it attaint* the high tempera- 
ture, at which it combiners with the carbon of the coke in con- 
tact with it, and in fuses for the first tkne, in the form of car- 
buret of iron. It has not yet, however, ‘attained its ultimate 
condition. ‘ When it reaches, in its descent, the region of the 

* Edinburgh Trans, vol 13. 
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furnace where the heat is most intense, its carbon reacts on the 
silica, alumina, lime and other alkaline oxides contained in the 
fluid slag, with which it is adbompanied, reducing portions of 
silicon, aluminum, calcium and other alkaline metals, which 
combine with the iron, llie proportion of carbon replaced by 
silicon and metallic bases, is generally found to be greater in* 
iron prepared by the hot than by the cold blast, owing, it is 
presumed, to the higher temjierature of the furnace witli the 
hot blast. 

The introduction of air already heated to support the cofSH 
l)ustion of the blast furnace, for which a patent was obtained 
by Mr. J. B. Neilson, has greatly reduced the proportion 
of coal required to smelt a given weight of ore, enabling the 
iron master indeed, to effect a saving of more than three ft)^rtlis 
of the coal where that is of a bitumiiious^ quality. The air is 
heated between the blowing apparatus and the furnace, hy» 
being made to circulate through a set of arched tubes of mode- 
rate diameter, heated by a fire beneath them. The air can be 
heated in this manner to low redness, or to near 1000'', but 
there is found to be no proportional advantage in raising its 
temperature much above the melting point ol lead^((fl2®j, which 
is already higher than the point at which charcoal ir^fl^imcs. 
Considering the great weight of air that enters tlie furnace, 
the temperature of that material mu st greatly affect the wliole 
temperature of the furnace, particularly of the lower part, 
where the air is admitted, and which pui t it is desirable should 
be hottest. Now a certain elevated temperalure is [required 
for the proper sn^elting of the ore, and unless attained in the 
furnace, the fuel is consumed to no purpose. the removal of 
the negative influence o/tht low temperature of the air^ al)pears 
to permit the heat to rise to the proper point, which otherwise 
is attained with difliculty atid by a wasteful consumption of 
fuel. Professor Reich of JTreiburg, has observed that heating 
the air likewise alters the relative temperatures of diflferent 
parts of the furrface, depressing in particular, and bringing 
nearer the twycres, the zone of highes^temperature. The ad- 
mixture of steam with the air has, beifinds, precisely the oppo- 
site effect, elevating^ the zone of highest •temperature in the 
furnace ; so that the efifect of the hot blast, may be exactly neu- 
tralised by mixing steam with the hot air. 

Cast iron.~The fused metal is run into channels /ormed in 
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sand^ and thus cast into ingots or pigs^ as they are called. Cast 
iron is an exceedingly variable mixture of reduced substances, 
of which the principal is iron Jombined with carbon. The 
theoretical constitution to which that variety of it, most definite 
in its composition, approaches, is the following : 

WHITE CAST IRON. 

Four atoms iron. .... 94.7 

One«atom carbon. * • .' . . .5,3 


100.0 

The difference in appearance and quality of the varieties of 
cast iron is not well accounted for by their composition. The 
grey# or mottled cast iron, forming the qq^alities, Nos. 1 and 2, 
presents a fracture, composed of small^crystals, is easily cut by 
“the file, and is preferred for pastings. It is generally supposed 
that a portion of unoombined carbon is diffused through the 
iron of tliese qualities, iitthe form' of graphite. No. 3, or white 
cast iron is more homogeneous ; its fracture exhibits crystalline 
plates, like that of antimony, and is nearly white ; it is exceed- 
ingly hard an^l brittle. 

Malleable iron , — The great proportion of cast iron manufac- 
tured is afterwards* refined, or converted into bar or malleable 
iron. Previous to refining, the cast iron is always fused, and 
cooled suddenly by throwing water on the melted surface, by 
which it becomes white cast iron, if not so before. In this 
condition it is niost easily deprived of its carbon, which is the 
object of the^, refining. Tlie principal operation, called the 
puddling process, consists in heating , masses of the iron in a 
kind of reverberatory furnace, wifSi i certain access of air. 
The metal fuses, and by means of a sort of spatula is stirred 
about, and every part of it expose^d to the flame. The carbon 
is thus gradually burnt out, partly by the direct action of oxy- 
gen in the flame, and partly by cementation with oxide of iron ; 
and the metal becomes less fusible^, but Jjfiick and tenacious, 
so that it sticks toggther, and is formed into a ball. In 
this condition it is removed by tongs, cpmpressed into a cylin- 
drical form by a ffiw blows of a loaded chammer, and quickly 
converted into a bar, by pressing it between grooved rollers. 
The tenacity of the metal is increased by welding several bars 
together) a pile of bars is brought to a full red heat in an 



UlON. 


551 


oblong furnace, and then extended between the grooved rollers 
into a single bar. The texture of malleable iron is fibrous. 
Although the purest commercijil form of the metal, it still con- 
tains about one-half per cent of carbon, with traces of silicon 
and other metals. ^ • 

Steel . — Only the best qualities of malleable iron, those pre- 
pared from a pure ore, and reduced by means of charcoal, such 
as the Swedish iron, are converted in steel. An iron box is filled 
with flat bars of such iron aqd chargoal powder, in alternate 
layers, and kept at a red heat for forty-eight hours, or longer. 
The surface of the bars is found afterwards to be blistered, an^ 
they have absorbed from 1.3 to 1.75 per cent of carbon. This 
is the process of cementation, to which allusion has already 
been made (Note, page 545). It is known that iron can be 
converted into steel without being in actual contact with char- 
coal, provided the iron aifti charcoal are •in a •close vessel toge- 
ther, and oxygen be present;* the carbon reaching the 
surface of the metal in the form of carbonic oxide gas. The 
iron becomes harder by this change, and more fusible, but can 
still be hammered into shape, and cut with a file. The pro- 
perty in which steel differs most from soft iron, is tjjje capacity 
it has required of becoming excessively hard and lelastic, when 
heated to redness and suddenly cooled by plunging it in water 
or oil. This hardness makes it invaluable for files, knives, and 
all kinds of cutting instruments. But the steel, when hardened 
in the manner described, is harder than is required for most of 
its applications, and also very brittle. Any portion of its origi- 
nal softness can be restored to the steel by heating it up to par- 
ticular temperatures, which are judged of by thtt colour of the 
film of oxide upon its surface, which passes from pale ye^ow at 
about 430®, through straw y^ow, brown yellow, and r^ purple 
into a deep blue at 580®, an^ allowing the steel lafterwards to 
cool slowly. Articles of steeVare tempered in this manner. 

Properties of iro«.~Iron is of a bluish white colour, and ad- 
mits of a high polish. It is remarkably malleable, particularly 
at a high temperatifre, and of great tenacity. Its mean density 
is 7*7^ which is increased by fusion to 7«B439. When kept for 
a considerable time at •a red heat, its*particles often form large 
cubic or octohedral Crystals, and the metal becomes brittle. 
Malleable iron softens before entering into fusion, •and in this 
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state it can be welded^ or two pieces be united by hammering 
them together. The point of fusion of cast iron is 3479®; that 
of malleable iron is much higber. Iron expands in becoraing 
solid, and therefore takes the impression of a mould with exact- 
ness. Iron is attracted by the magnet at all temperatures under 
an orange red heat. It is then itself magnetic by induction, but 
immediately loses its polarity, if pure, when withdrawn from the 
magnet. If it contains carbon, as steel and cast iron, it is 
affected less strongly, buf more , durably, by the proximicy^ of a 
rpaguet, becoming then permanently magnetic. The black 
^)xide, which forms the loadstone, and the corresponding sul- 
phuret, are the only compounds of iron which share this pro- 
perty with the metal. A steel magnet loses its polarity at the 
boiling point of almond oil; a loadstone, just below visible igni* 
tioit* (Faraday). 

Iron reduced * from « the oxide by hydrogen at a heat under 
redness, forms a spongy mass, which takes fire spontaneously 
at the usual temperature, when exposed to air, and oxide of 
iron is reproduced (Magnus). But iron, in mass, appears to un- 
dergo no change in dry air, and to be incapable of decomposing 
pure water^at that temperature. Nor docs it appear to be acted 
upon by oxygen and water together, but the presence of carbo- 
nic acid in the water, causes the iron to be rapidly oxidated 
with evolution of* hydrogen gas. In the ordinary rusting of 
iron, the carbonate of the protoxide appears to be first pro- 
duced, but that gra^ally passes into the hydrated peroxide, 
and the carbonic aciu* is evolved. The rust always contains 
ammonia, of which the hydrogen is imagined to come from the 
water decomposed ; the native oxides of iron also contain am- 
monia. Iron remains bright in solutiijns of the alkalies and in 
lime-water, which appear] to protect it from oxidation, but neu- 
tral and more particularly acid sjlts have the opposite effect. 
The corrosion of iron under water ^appears, in general, to be im- 
mediately occasioned by the formation of a subsalt of that 
metal with excess of oxide, of which the acid is supplied by the 
saline matter in solution. Articles of iron^may be completely 
defended from the injury occasioned in tliis way, by contact 
with the more positive metal zinc, as *in galvanized iron (page 
219); while the protecting metal itself wastes away very slowly. 
Cast iron is converted into a species of graphitCj^ by many years 
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immersion in sea-water, the greater part of the iron being dis- 
solved while the carbon remains’^. In open air, iron burns at a 
Iiigh temperature with vivacity, and its surface becomes covered 
with a fused oxide, which may afterwards be detached from it in 
scales, and forms smithy ashes, Iroi^ &lso decomposes steam 
at a red heat, and the same oxide is formed as by the combus- 
tion of the metal in air, namely the magnetic or black oxide, 
Fe Fe2 O3. 

Iron dissolves readily in diluted ^icids, by substitution for hy- 
drogen, which is evolved as gas. Strong nitric acts violently, 
upon iron, yielding oxygen to it, and undergoing decomposi- 
tion. But the relations of iron to that acid, when slightly di- 
luted, are exceedingly singular. They li^ve been particularly 
studied by Professor Seboenbein. 

Passive condition of" iron . — Pure malleable iron, such a 
j)iece of clean stocking wfre, usually dissolves in nitric acid of 
sp.gr. 1..S to 1.35, with effervescence, but it may be thrown into 
a condition in which it is said by Seboenbein to be passive^ as it 
is no longer dissolved by that acid, and may be preserved in it 
for any length of time without change: — 1. By oxidating the 
extremity of the wire slightly, by holding it for a few geconds in 
the flame of a lamp, and after it is cool, dipping it gradually in 
the nitric acid, introducing the oxidated end first, 2. By dip- 
ping the extremity of the wire once or twice in concentrated 
nitric acid, and washing it with water, 3. By placing a plati- 
num wire first in the acid, and introducing the iron wire, pre- 
serving it in contact with the former, which may afterwards be 
withdrawn. 4, A fresh iron wire may be introduced in the 
same manner into the nitric acid, in contact with t wire already 
passive ; this may render jfessive a third wire, and so on, §. By 
making the wire the positive pole or zincoid of a voltaic battery, 
introducing it after the negative pole or chloroid has been placed 
in the acid. Oxygen gas is then evolved from the surface of 
the iron wire, without 'combining with it, as if the wire were of 
platinum. As the ’passive state can be communicated by con- 
tact of passive iron/ so iv'may be destroyed by contact with 
active iron or zinc undergoing, at the moment, solution in the 

* Mr. Mallet has collected much information respecting the corrosion of 
iron, in his First Report to the British Association, on the actihn of sea and 
river water upon cast and wrought iron. 1839, 
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acid. If passive iron be made a negative pole (chlorous) in ni- 
tric acid^ it also ceases to resist solution. The indifference to 
chemical action exhibited by iren when passive, is not confined 
to nitric acid of the density mentioned, but extends to various 
saline solutions which arc usually acted upon by iron. An in- 
difference to nitric acid of the same kind can also be acquired by 
other metals as well as iron, particularly bismuth (Dr. An- 
drews), but in a much less degree. That the peculiar con|ition 
of the iron, which enables it to resist solution in the nitric acid, 
^ is of a voltaic nature cannot be doubted, but its exact character- 
is still very imperfectly defined. In the consideration of the 
subject^ the circumstance is not to be. overlooked, that iron 
may, and does dissolve in nitric acid in two different ways : — 
(1)^ When directly oxidated by the decomposition of the acid, 
and (2) by substitution for the h;^drdgen of the nitrate of 
water, as the saihe metal dissolves in oil of vitriol. The first 
mode of solution is not knoVn to be connected with voltaic ac- 
tion, but the second is so, and should be promoted by rendering 
the iron positive or zincous ; the condition which actually pre- 
vents all solution, and makes iron passive in nitric acid of 1 .3 
density. But if the predominating tendency of iron is to dis- 
solve in acid of that strength by direct oxidation, which is very 
probable, it comes to be a question whether increasing the dis- 
position of the metal to dissolve in the other mode, or by substi- 
tution, may not counteract the former tendency, and thereby im- 
pede the solution of the metal. The passive condition would then 
be represented as the result of an antagonism in the two forces 
which act simultaneously upon the metal.* Schoenbein has ob- 
served, howler, an action of thin films or pellicles of foreign 
matter adhering to metallic surfacel, which he thinks, with 
reason, •may, be concerned in the phenomenon, and which is in- 
teresting independently of that relation. Platinum wire, after 
being plunged for a few seconds in . hydrogen gas, acts as a po- 
sitive metal, or as if it were zinc, when associated with clean 
platinum in dilute' sulphuric acid. This carf be explained only 

♦ Dr. Andrews has (Jrawn the conclusion, from observation, that the 
ordinary chemical action of a hydrated acid ttpon the metals which dissolve 
in it, is in general diminished when the acid is ♦concentrated, by the voltaic 
association qf these metals with such metals as gold, platinum, &c ; while on 
the contrary, it is increased when the acid is diluted. — Trans, of the Royal 
Irish Academy, 1838 ; or Becquerel, vol. v, pt. 2, p. 187. 
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by supposing combination of the hydrogen and platinum, and 
that the superficial polar molecule of the metal then consists of 
hydrogen as the external zincoufi element, and platinum as the 
chlorous element, resembling the positive amalgam of zinc, iii 
which zinc forms the external zincou% atom, and mercury the 
clilorous atom of the molecule {page 208) • This hydrogen 
must decompose the hydrated sulphuric acid (H + SO^), evolv- 
ing hydrogen, and cause a train of decompositions from the hy- 
druretted to the clean platinum.. The analogy between this 
voltaic action of hydrogen, and the oxidation of hydrogen gas 
by spongy platinum, adds to its interest. Again, platinum, 
gold and silver, by being placed for a few seconds in chlorine, 
become capable of acting negatively, or are chlorous, when they 
form a circle with clean platinum in dilute sulphuric acid. 
Here, also, there must be a compound polar molecule, of whmh 
the zincous element is platinum, and the*ext!fefnal chlorous ele- 
ment chlorine ; and this chlorine ftiust combine with the hy- 
drogen, and evolve the salt-radical of the hydrated acid, thus 
causing a train of decompositions through the latter. A pellicle 
of peroxide of lead can be precipitated upon the surface of iron 
and platinum, and then they become strongly chlorouif in a vol- 
taic circle, with nitric acid, like platinum with the film of chlo- 
rine above, till the pellicle of peroxide is dissolved off by the 
acid. Here the excess of oxygen in the peroxide must decom- 
pose water, or more likely the hydrated acid present, evolving 
oxygen or the salt-radical of the acid, when the circuit is com- 
pleted. In such circles, we have the affinity of hydrogen, of 
chlorine, or of oxygen, originating the rotal action, instead of 
that of a positive metal, as usual.^^ 


PROTOCOMPOUNDS OP IRON. 

Protoxide of iron^ Ferrous oxide ; FeO ; 439.2 or 35.18. — Iron 
appears to admit of only two degrees of oxidation, the protoxide 
and peroxide, which are both basic, and correspond respectively 
with manganous and manganic oxides. The protoxide is not 
easily obtained in a dry state, from the^avidity with which it 
absorbs oxygen. It exists in the sulphate ^and other salts of 
iron, formed when tlte metal dissolves in an acid with the 

* Schoenbein and Faraday in the Phil, Mag, 3rd Series, vols. 9, 10, 11, 12 
and 14. 
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evolution of hydrogen, and is precipitated as a white hydrate, 
when potash is added to these salts, which becomes black on 
boilings from loss of water. The colour of the white precipitate 
changes by exposure to air to grey, then to green, bluish black, 
and finally to ah ochrey red, when it is entirely peroxide. 

The protoxide of iron is thrown down by alkalies as a hy* 
drate, and by alkaline carbonates as a carbonate, which are 
white at first, but soon become of a dirty green, and undergo 
the same subsequent changes fram oxidation. Its salts are not 
precipitated by sulphuretted hydrogen, the sulphuret of iron 
being dissolved by strong acids, but give a black sulphuret with 
solutions of alkaline sulphurets. They give a white precipitate 
with the ferrocyanide.of potassium, which gradually becomes of 
a deep blue when exposed to air ; with the ferricyanide, a pre- 
cipitate which js at once of an intense blue, being one of the 
varieties of Prussian Blue. The infusion of gall-nuts does not 
affect a solution of the protoxide of iron when completely free 
from peroxide. 

Protomlpkta^et of iron is prepared by heating to redness, in 
/a covered crucible, a mixture of iron filings and crude sulphur, 
in the proportions of 7 of the former and 4 of the latter. It 
dissolves in '‘ sulphuric and hydrochloric acids with evolution of 
sulphuretted hydrogen gas (page 402). 

A mbsulphuret of irony Fe^ S, appears to be formed when the 
sulphate of iron is reduced by hydrogen ; one-half of the 
sulphur coming off in jthe form of sulphurous acid. This sub- 
sulphuret will correspond with the subsulphurets of copper and 
lead, which crystallize in octohedrons. 

Protochlofide of iron crystallizes with 4 HO, and is very 
jSoluble. Like all the soluble proto^alts of iron, it is of a green 
colour,* gives a green solution, and has a great avidity for 
oxygen. ^ 

Protiodide of iron is formed "when iodine is digested with 
/fratpr and iron wire, the latter being in excess, and is obtained 
as a crystalline mass by evaporating to dryness. It has been 
introduced into medical use by Dr. X. T. Thomson. A piece of 
iron wire is placed in^^ tlje solution of this salt, to preserve it 
from oxidising. .The protiodide of* iron dissolves a large 
quantity of iodine, without becoming periodide, as the excess 
of iodine may be precipitated by starch. 

Protocyanide of iron is obtained with the same difficulty 
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as the protoxide of iron. When cyanide of potassium is added 
to a protosalt of iron, a yellowish red precipitate appears, which 
dissolves in an excess of the alkaline cyanide, and forms the 
ferrocyanide of potassium (page 450). A grey powder remains 
on distilling the ferrocyanide of amm«nmm by a gentle heat ; 
and a white insoluble substance on digesting recently precipi- 
tated Prussian blue in sulphuretted hydrogen water, contained 
in a well-stopped phial, which, although they differ consider- 
al)ly in properties, have both been*looked upon as protocyanidc 
of iron. The most remarkable property of this cyanide is its, 
tendency to combine with other cyanides of all classes, and to 
form double cyanides, or to enter as a constituent into the salt- 
radicals ferrocyanogen and ferricyanogen Cy^ Fe, and Cy^ Fe^. 
The two following compounds are obtained when the ferrocjf^a- 
nide and the ferricyanide of potassium are addad to a protosalt 
of iron. 

Ferrocyanide of potassium and* iron •y SFe. K-f2 {Cy^ Pe). 
— ^The bluish white precipitate which falls on testing a protosalt 
of iron with the ferrocyanide of potassium or yellow prussiate of 
potash. Of the four equivalents of potassium contained in two 
equivalents of the latter salt (page 456), three are replaced by 
three equivalents of iron in the formation of this* precipitate, 
while the three potassium unite with the former salt-radical of 
the iron. This salt is represented above as consisting of 2 eq. 
of ferrocyanogen with 4 eq. of metal (3Fe -I- K), ferrocyanogen 
being bibasic. Exposed to the air it al^sorbs oxygen, and be- 
comes blue. It then affords ferrocyanide of potassium to 
water, and after all soluble salts are removed, a compound re- 
mains, which Liebig names the basic sesquifevrocytmide of iron^ 
and represents by the forto^a Pe^, 3 (Cy 3 Fe) 4 -Pe 2 O 3 , which 
corresponds, as will be seen afterwards, with 1 eq. of p*russian 
blue + 1 eq. of peroxide of iron^ This basic compound is dissolved 
entirely by continued v^shing,*and affords a beautiful deep blue 
solution. The addition of any salt causes the separation of this 
compound. Its solution injy be evaporated to dryness without 
decomposition. 

Ferricyardde of iron, TumbulVs ^u?; 3Fe4-(Cy6 Ftg.— 
This is the beautiful blue* precipitate that falls^on adding the fer- 
ricyanide of potassium (red prussiate of potash) to a protosalt 
of iron. It is formed by the substitution of 3 eq. of iron for 
the 3 eq. of potassium of the latter salt (page 450). The same 
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blue precipitate may be obtained by adding to a protosalt of 
iron, a mixture of yellow prussiate of potash, chloride of soda, 
and hydrochloric acid. The tint of this blue is lighter and 
more delicate than that of prussian blue. It is occasionally 
used by the calico-printer, who mixes it with permuriate of tin, 
and prints the mixture, which is in a great measure soluble, 
upon Turkey red cloth, raising the blue colour afterwards by 
passing the cloth through a solution of chloride of lime, con- 
taining an excess of lime. The^ chief object of that operation 
, is indeed different, namely, to discharge the red and produce 
white patterns, where tartaric acid is printed upon the cloth, 
but it has also the effect incidentally of precipitating the blue 
pigment and peroxide of tin together on the cloth, by neutra- 
lising the acid of the permuriate of tin. This blue is believed 
to **resist the aption of alkalies longer ‘than ordinary prussian 
blue. Mr. R. C.* Cimpbell observed that the ferricyanide of 
iron may be distinguished Ifrom prussian blue by the circum- 
stance, that when boiled in a solution of yellow prussiate of 
potash, it affords red prussiate of potash, which dissolves, and a 
grey insoluble residue of ferrocyanide of iron and ferrocyanide 
of potassium (Liebig). 

Carbonate of iron is obtained on adding carbonate of 
soda to the protqsulphate of iron, as a white or greenish white 
precipitate, which may be washed and preserved in a humid 
condition in a close vessel, but cannot be dried without losing 
carbonic acid and booming peroxide of iron. It is soluble, 
like the carbonate of lime, in carbonic acid water, and exists 
under that form in most natural chalybeates. Carbonate of 
iron occurs lilso crystallized in the rhomboidal form of calc 
spar,ibrming the mineral spathic iron^^ which generally contains 
portioifs of carbonates of lime, magnesia, and manganese. It is 
generally of a cream colour or black, and its density rarely ex- 
ceeds 3.8. This anhydrous carbonate does not absorb oxygen 
from the air. Carbonate of iron is also the basis of clay-iron- 
stone. There is no carbonate of the peroxide. 

Sulphate of irony Ferrous sulph^y Grben vitriol, Copperas ; 
Fe O, SO 3 , HO+ 6 HOj 940.4 -h 787.5 or 75.3 -f 63.— This salt 
may be formed by. dissolving iron in sulphuric acid diluted with 
4 or 5 times its bulk of water, filtering the solution while hot, 
and setting it aside to crystallize. But the large quantities of 
sulphate of iron, consumed in the arts, are prepared simiilta- 
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neously with alum, by the oxidation of iron pyrites, (page 
516 .) 

The commercial salt is in laige rhomboidal crystals, from an 
oblique rhomboidal prism, which effloresce slightly in dry air, 
and when at all damp, absorb oxygen, 'and become of a rusty 
red colour ; hence the origin of the French term couperose ap- 
plied to tbis salt, and corrupted in our language into copperas. 
If these crystals be crushed and deprived of all hygrometric 
moisture by strong pressure between fcdds of cotton cloth or filter 
paper, they may afterwards be preserved in a bottle without arrj^ 
change from oxidation. Of the 7HO which copperas contains, 
it loses 6HO ajb 238°, but retains 1 eq. even at 535°. It can be 
made, however, perfectly anhydrous, with, proper caution, with- 
out any appreciable loss of acid. It was observed by Mitscber- 
lich to crystallize at iVfi®, with 4HO, in a right rhombic prism, 
like the corresponding sufphate of manganese. When its so- 
lution, containing an excess of acid,* is evaporated by heat, a sa- 
line crust is deposited, which, according to Kuhn, contains 
3 HO. Another hydrate has also been obtained by dissolving 
the sulphate in sulphuric acid, which contains 2HO, and has 
the crystalline form and sparing solubility of gypaum (Mits- 
cherlich). The sulphate of iron appears to forirf neither acid 
nor basic salts. One part of copperas requires to dissolve it in 
the following quantities of water, at the particular temperatures 
indicated above each quantity, according to the observations of 
Brandes and Firnhaber : 

50°— 59°— 75.2°---‘l09.4o—lH.8t>---140»— 183.2°— 194°— 212® 
1.64—1.43—0.87— 0.66— 0.44 — 0.38— 0.37 — 0.27— 0.30 

The sulphate of iron uildergoes decomposition at a red-Jbeat, 
changes into sulphate of tlie peroxide, and leaves, after all the 
acid is expelled, the red pergxide known as colcothar. This 
sulphate, like all the magnesmn sulphates, forms a double salt 
with sulphate of potasT?^ containing 6HO. A solution of the 
sulphate of iron absorbs nitric oxide, and becomes quite black ; 
it takes up the gas hi the^^^oportion of 9 paAs to 100 anhy- 
drous salt, according to Peligot, or one-femrth of an equivalent 
(page 288). * * , 

Protonilrate of irdn may be formed by dissolving the 
protosulphuret of iron in nitiio acid, diluted and cold^ the solu- 
tion evaporated in vacuo gives pale green crystals, which are 

o o 
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very soluble. The solution of the neutral salt is decomposed 
l^ear the boiling temperature, with the evolution of nitric oxide, 
and the precipitation of a subnttrate of the peroxide in abun- 
dance. Iron turnings dissolve in pure nitric acid, and form the 
same salt, without the evolution of any gas, the water and acid 
undergoing decomposition, so as to produce ammon^ while 
they oxidate the iron. 

Protacefate of iron is obtained by dissolving the metal or 
its sulphuret in acetic acid. It fdhns small green prisms, which 
tlecomposc very readUy in the air. 

Tartrate of potash and iron is prepared by boiling bitar- 
trate of potash with half its weight of iron turnings and a small 
quantity of water. Hydrogen gas is evolved, and a white, 
grarular and spanngly soluble salt is formed, which blackens in 
air from absorptiqp of oxygen. It is used medicinally. The 
iron of this salt is not precipitated either by hydrate or car- 
bonate of potash. 

The titanate of iron occurs in masses of a metallic black, or 
as black grains in volcanic sand. It crystallizes in the form of 
peroxide of iron, (page 146), with which it is often mixed. Its 
formula is* Fe 0,1103. 

PERCOMPOUNDS OF IRON. 

Peroxide of iron, Ferric oxide, Fcj O3 5 978.4 or 78.36. — 
Occurs in great abuncb'nce in nature : 1. As oligistic or specular 
iron, in crystals derived from a rhomboid very near the cube, 
which are of a brilliant metallic black and often iridescent. 
Thrir powder is red ; their density from 5.01 to 5.22. This 
forms the celebrated Elba ore. As red hematite, in fibrous, 
roamillated, or kidney-shaped masses, of a dull red and very hard, 
of winch the density is from 4.8 to 5.0. This mineral is cut, 
and forms the burnishers of bloodi«tone. 3. Also in combination 
writh water, as broum hematite, which is much more abundantly 
difiused than the anhydrous perpxide, the granular variety 
supplying, according to M. Berthier>-nu»e than three-fourths of 
the iron iumaoes in France. Its density is 3.922, its powder 
browm, with a shade of yellow, and it dissolves readily in adds, 
which the anhydrous peroxide does not. From analyses of 
Dr. Thomson and M. Beithier, this mineral occurs with 1 eq. 
of ivatcr, or H0,Fe3 0„ analogous to the ms^etic oxide of 
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iron, Pe O, Fe2 O3.* The hydrated peroxide produced by the 
oxidation of iron pyrites, of which it retains the form, contains < 

1 eq. of water, or 10.31 per cent, and that from the oxidation 
of the carbonate of iron, 3 eq. of water, or 14.71 per cent, to 

2 eq. of peroxide, (Mitscherlich, Lchrt)uch, II. 23, 1840.) The 
hydrate i| the yellow colouring matter of clay, and with silica 
and clay it forms the varieties of ochre. 

When metallic iron is oxidated gradually in a large quantity 
of water, there forms around* it* a light precipitate of a bright 
orange yellow, which is a ferric hydrate, according to Berzeliui^f 
and of which the empirical formula is 2Fe2 03+3H0, the 
usual composition of brown hematite. When iron is oxidated 
in deej) water, it is converted, according to Mr. E. Davy, into 
the magnetic oxide, \xJnch is possibly formed by cementaiion 
from the hydrated pero^dc. The hyc^^at^il •j/croxide is also 
obtained, by precipitation from .the persalts of flic metal, by 
ammonia and by a hydrated or carbonated alkali; but never 
pure, as when an insufficient quantity of alkali is added, a sub- 
salt containing acid falls, and when Mie alkali is added in excess, 
a portion of it goes down in combination with the peroxide, and 
cannot be entirely removed by washing. Whei^ Ammonia is 
used, the water and excess of the precipitant can bo expelled by 
ignition, and the pure peroxide obtained. fThe latter is not 
magnetic, and after ignition dissolves with difficulty in acids. 
When ignited strongly, it loses oxygen and becomes magnetic. 

The peroxide of iron and its compounds are strictly isomor- 
phous with alumina and the compounds of that earth, and 
remarkably analogous to them in properties. It is a weak base, 
of which the salts have a ^strong acid reaction, and are decom- 
posed by all the raagnesito ^rbonates, as well as by the'^Smag- 
nesian oxides fhcmselves. The solutions of its salts, wfiich are 
neutral in composition, have generally a yellow tint, but they 
are all capable, when concentrated, of dissolving a great 

excess of peroxide and then become red. Very dilute solutions 
of the neutral salts ^ of p^oxide of iron are decomposed by 
ebullition, and the peroj^^Oe entirely precipitated, the acid of 
the salt then uniting with water as a base, (Scheerer.) 

♦One of the hydrates, proj^ably tliis one, occurs very rjrely crystal! i'/iCd in very 
small crystals, denied from the cube or octobedron, (Boithier, Traits, 11. 225), 
ttiat i«, in the foni of the magnetic oaide 0f iron— a circumstance of great 
restii if it is an instance of the isomorphism of hydrogen with iion or a magnesia^ 
metal. * 
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Iitin is tnost convraiehtly distingmshed by 'tests, or predpi- 
tated for its quantitative estimation, urhen in the state Of pet*- 
oxide/ The solution of a proto-salt is usually peroxidised by 
bnnsmitting a current of chlorine through it, or by adding to it, 
at the boiling point, nitric*'acid, in small quantities, so long as 
effervescence is occasioned from the escape of nitric oxide. 
Alkalies and alkidine carbonates precipitate the permdde in the 
state Of hydrate. Sulphuretted hydrogen converts a persalt erf 
iron into a protosalt, with precipitation of sulphur. Tbe ferro- 
tcyahide of potassium throws down prussian blue, but the ferri- 
cyanide has no effect upon a persalt of iron. The sulphocyanide 
of potassium produces a deep wine-red solution with a persalt 
of iron, which becomes perfectly colourless', when considerably 
diluted with water, provided the salt of iron is not in great 
excess. Infusion' pf nu^-galls produce^ a bliush black precipitate 
— the basis of common writing ink. 

Black or magnetic oxide of irony FeO, FojO'g, called also 
the ferroso-ferric oxide, an important ore pf iron, is a compound 
of the two oxides. It crystallizes in the regular octohedron. 
In this compound, the peroxide of iron may be replaced by 
alumina afid, by oxide of chromium, and the protoxide of iron 
by oxide of zinc, magnesia, and protoxide of manganese, without 
change of form. < It was produced artificially, by Liebig and 
Wohler, by mixing the dry protochloride of iron with an excess 
of carbonate of soda, caldning the mixture in a crucible, and 
treating the mass witb^ water. The double oxide remains as a 
black powder, which may be washed and dried without its 
oxidating farlher. The same chemists, by dissolving the black 
oxide in hydrochloric acid, and precipitating by ammonia, 
obtidhed a hydrate of the double ^xide. It was attracted by a 
magnet, even when a flocculent precipitate suspended in water. 
When ignited and anhydrous, th^ double oxide is much more 
magnetic than iron itself. 

Sesgtdndphuret <f iron, or Ferric gulphdreti: 8^ cor- 

responding with the peroxide, may be pt%paied by pouring, 
drop by drop, » solution of a pers^,of ilmn|wmto a solution of 
an alkaline sulphuretf t^e ^t being preserved in excess. At a 
low fed heat, itdoses 2-9tha of its si^phur "imd becomes mag- 
netic pyri^v The common yellow iron pyrites is'the Aim^pAarer 
of vron^ it crystaOiOes in the cube or other forms of the xe^pdar 
system,, its d^sity is 4.981. Itmay be fGN|iBed;«stifiebiifiy by 
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mixing the protosulph]^^ with half its weight of sulphur, and 
distilling in a retort % ^ temperature short of redness. The ^ 
xf etallic sulphuret combines whh a quantity of sulphur equal to 
what it already possesses, and forms a bulky powder of a deep 
yellow colour and metallic lustre, upon which sulphuric and 
hydrochloric acids have no action. This sulphuret appears to • 
be of a stable nature, but the lower sulphurets of iron oxidate, 
when moistened, with great avidity. Stromeyer found the 
native magnetic sulphuret of ifoir to donsist of 100 parts of iron 
combined with 68 of sulphur ; and the sulphuret left on distill 
ling iron with srdphur, at a high temperature, to be of the same 
composition. It may be viewed as 5Fe S+Fe^ (Berzelius.) 
It is said to be this compound which is* almost always formed 
when sulphuret of iron is prepared. ^ 

Perchloride of iro% Fe^ CI3, is formed when iron is burned 
in an excess of chlorine. It is volatile at a red heat. Its solu- « 
tion, which is used in medicine, is obtained by dissolving the 
hydrated peroxide of iron in diluted hydrochloric acid. When 
greatly concentrated, the solution of perchloride of iron yields 
at one time orange yellow crystalline needles, radiating from a 
centre, which are Fe2Cl3 + 12HO; at another timef large dark 
yellowish red crystals, Fe^Clj+SHO (Mitscherlich, Lehrbuch 
II, 45)8.) Mixed with sal ammoniac, and e^japorated in vacuo, 
it affords beautiful ruby red octohedral crystals, con^isting of 
2 eq. of chloride of ammonium, and 1 eq. perchloride of iron, 
with 2 eq. of water, Fe2 CI3, 2N H4Cl-f^HO. Of this water, 
the double salt, I find, loses 1 eq. at 150% and the other when 
dried above 300**. There is a similar double salt, containing 
chloride of potassium, but not so easily formed. The per- 
chlorid'e of iron is soluble both in alcohol and ether. A strong 
aqueous solution was found oy Mr. Phillips to dissolve *not less 
than 4 eq. of freshly precipitated hydrated peroxide of iron, 
becoming deep red andogaqife. ' 

Periodide of iron is formed in similar circumstances as the 
preceding perchloride. ^ 

Percyanide^ or s&quicjfmide of iron, FcgCyg, is unknown 
in a pure state. A solution of it, ^hffch is decomposed by 
evaporation, is obtained *by precipitating the potash of the red 
prussiate by the fluoride of silicon. It forms a numerous class 
of double cyanides, A compound of the two cyanides of iron, 
l%e the compound oxide, is obtained as a green powder, whw 
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a solution of the yellow prussiate of potash, charged ttith an 
excess of chlorine, is heated or exposed to air. The precipitate 
should he boiled with eight or ten times its weight of concen- 
trated hydrochloric acid, and well washed. Its formula is, 

FeCy, FegCyg + ^IIO.^ ' 

Se$quiferrocyanide of iron, Prussian blue, Fe^, 3(Cy3 Pe). — 
This remarkable substance precipitates whenever the yellow 
prussiate of potash is added to a persalt of iron. For the 
preparation of prussian blue 'in ‘'quantity, Liebig recommends 
*the following process of Hochsteller. Six parts of green vitriol 
and six parts of yellow prussiate of potash to be dissolved, each 
by itself, in fifteen parts of water, the solutions mixed, and an 
addition then made to them of one pirt of oil of vitriol, and 
twenty four parts of strong hydrochloric acid. After some 
hours, a clear solution of one part of chloride of lime in eighty 
parts of water is gradually added, by small portions, observing 
the precaution to stop as soon as an effervescence is observed, 
from the disengagement of chlorine. After being allowed to 
subside for several hours, the precipitate is washed and dried at 
the usual temperature, or by artificial heat. It is said that tlie 
finest colotir is obtained by heating the precipitate with dilute 
nitric acid, till it acquires a deep blue colour, instead of oxidis- 
ing by chlorine. < 

Prussian blue, dried at the temperature of the air, is a light 
porous body, of a nch velvety blue colour} dried at a higher 
temperature, it is morf* compact, and exhibits in mass a coppery 
lustre. It is tasteless, and not poisonous. Alkalies decompose 
it, precipitating peroxide of iron and reproducing an alkaline 
ferrocyanide. This renders prussian blue of little value in 
dyeitfg, as it is injured by washing with soap. Red oxide of 
mercury, boiled with prussian blue, affords the soluble cyanide 
of mercury, vriti) an insoluble nnxture of oxide and cyanide of 
iron. It is destroyed by fuming hitriq^cid, but combines with 
oil of vitriol, forming a white pasty mass, which is decomposed 
by water. , 

In the formula above, prussian blpe is represented as con- 
sisting of 4 eq. of ifoi^ and 3 eq. of the bibasic salt-radical, 
terrocyanogen, and, therefore, named ‘a sesquiferrocyanide. It 
contains oxj’gen and hydrogen, besides, which cannot be sepa- 


* Fetou^, An. (It Cb. ct de Fh. t, 69, p. 40. 
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rated wiibout the decomposition of the compotmd. In its 
formation S eq. of ferrocyanide of potassium react upon 2 oq. of 
a persalt of iron. Thus siqpposing the ferrocyanide of potassium 
and perchloride of iron to be mixed : 

i 

6 K-f 3(Cy3 Fe) and 4Fe + 6'Cl = 4Pe + 3(Cy3 Fe) and 6K Cl. • 

In precipitating prussian blue, care should be taken to avoid an 
excess of the ferrocyanide of»patassmm, as the precipitate is 
apt to carry down a portion of that salt. The conibinatiou«<jf 
Prussian blue and peroxide of iron, called basic prussian blucy 
was noticed at page 557* 

Although there is no carbonate of the perowide of iron^ the 
hydrated peroxide is dissolved by alkaline bicarbonates, igider 
certain conditions, wliicli are not well unde];<^tood, and a red 
solution is formed. 

Persulphates of iro 7 i. — ^The neutVal persulphate, Fc^ O3, 380,, 
IS formed by adding to a solution of the protosulphate half as 
much sulphuric acid as it already contains, and peroxidising by 
nitric acid. It gives a syrupy liquid, without crystallizing. 
This salt is found native in Chili, forming a bed of tonsiderable 
thickness. It is generally massive, but forms £so six sided 
prisms, with right summits, which are colourless, and contain 
9HO, (Rose.) The persulphate of iron is solubte in alcohol. 
It may be made anhydrous by a low red heat; but after ignition 
dissolves in water with extreme slowne^, like calcined *alum. 

When hydrated peroxide of iron is digested in the neutral 
sulphate, a red solution is formed, which, according to Maus, is 
the compound FcoOg, 2SO3. The rusty preeijAtate which is 
formed in a solution £lie« protosulphate from the absorption 
of oxygen, is another subsulphate, of which the empirical for- 
mula is SO3 + O3, • 

A double persulphcUej^ if on and sulphate of potash^ or iron 
alum^ is formed by e^porating a solution of the mixed salts to 
their point of cryittallization. It is colourless and quite analo- 
gous in compQsitiorf to o^iuary alum, (page 515.) Its formula 
is KO, S03+Fe3 O3, 3^3-f 24HO. ^ 

Another double sulphate is formed, wbidi crystallizes in large 
six-sided tables, and df which the formula is 2(K0,S03)‘+re203, 
2SO3 + GHO, (Maus), when potash is added gradually to a con- 
centrated solution of persulphate of iron, till the precipitate 
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fonned ‘i^Btuies to redissolve, and the solution is evaporated in 
vacuo. 

Berzelius designates as the fefrdso-ferric sulphcUe a comlnnar 
tion of llie proto and persulphates of iron, FeO, SO3+ 
Fe^ P^ SSOg. It is the “Salt produced when a solution of the 
neutral protosulphate of irqn is exposed to the air, till no more 
ochK is precipitated. The solution, which is yellowish red, 
does not crystallize, but gives the black oxide of iron when 
precipitated by an alkali. ' A sale of the same constituents, but 
^ different proportions, forms large stalactites, composed of 
little transparent crystals, in the copper mine of Fahlun. It is 
represented by 3 Fe 0 , 2 S 03 + 3 (Fej 03 , 2803 )+ 36HO, (Ber- 
zelius.) 

Pjemitrate of iron. — By dissolving iron,, in nitric acid, without 
heat, as in Schosnbein^s experiments, (page 533 ), a salt is ob- 
tained in large, transparent, and colourless crystals. From 
more than one analysis, M. Pelouze found the wnstituents of 
this salt to be ini the proportion of 2 Fe 2 03 + 3 N 05 +liH 0 . 
Its solution is decomposed by heat, and the peroxide of iron 
precipitates. 

Peroxalate of iron is very soluble and does not crystallize. 
It forms a double salt with the oxalate of potash, of a rich 
green colour, of which the formula is 3 (K 0 ,Ci 03 ) + Fej 03 , 3 C 203 
+ 6 HO. The crystals effloresce in dry air. In this double 
salt, the peroxide of iron may be replaced by alumina and oxide 
of, chromium (page 51/J.) This salt is formed by dissolving llie 
hydrated peroxide of iron to saturation, in binoxalate of potash, 
(salt of sorrel,) and crystalUzes readily from a concentrated 
solution. Tfie circumstance of its being llie salt of peroxide of 
iron: most easily obtained and preprvud in a dry statej should 
recommend it as a pharmaceutical preparation. 

The benzoate emd succinate of ’peroxide (f iron are insoluble 
predpitiites. Hence the bcmzoa^ ;|pd succinate of ammonia 
are employed to separate iron from manganese. As both these 
predpitates are dissolved by acids, ^^e iron solution should be 
made as neutral as possible. The tbymula of the suecinate is, 

Fe2 O3, S. 
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SECTJkON III. 

COBALT. 

Eq. 369, or 29.57; Co. 

Cobalt occurs in the mineral kingdom chiefly in combination 
with arsenic, as arsenical cobalt^ Co*As ; or with sulphur and 
arsenic, as grey cobalt ore, Co As 4* Co Sj, but contaminated 
with iron, nickel, and other metals. Its name is that of the 
Kobolds or evil spirits of mines, and was applied to it by the 
superstitious miners of the middle ages^ who were often de- 
ceived by the favourable appearance of its ores. These remained 
without value, till the middle of the sixteenth century, when 
they were first applied to colour glassf bide. They are now ^ 
consumed in great quantity tor the*blue colours of porcelain and 
stoneware. Cobalt is likewise found in almost all meteoric 
stones. 

To obtain metallic cobalt, the native arseniuret is repeatedly 
roasted, by whioh the greater part of the arsenic converted 
into arsenious acid, and carried ofif in vapour, while the impure 
oxide of cobalt, known as zaffre^ remains. ^ This is dissolved 
in hydrochloric acid, and the remaining arsenic precipitated as 
sulphuret, by passing a stream of sulphuretted hydrogen through 
the solution. To get rid of the iron present, the last solution, 
after filtration, is boiled with a little nitric acid, to peroxidise 
that metal; carbonate of potash is added in excess, which 
throws down carbonate of cobalt and peroxide«of iron. The 
precipitate is treated witfi o^bMc acid, which forms an inspluble 
oxalate of cobalt and the Soluble peroxalate of iron. The 
oxalate of cobalt is dried and decomposed by ignition in a 
covered crOcible, when the t>xide is reduced by the carbon of 
the acid, which goes" off as carbonic acid, while the metallic 
cobalt remains aS a black powder. To separate cobalt from 
nickel, with which \t is^most always associated, the mixed 
oxalates of cobalt and nickel, obtained, by the preceding process, 
are dissolved in ammonia, after which the liquid is diluted and 
exposed to the air in a shallow bason for several days. The 
ammonia evaporates, and the salt of nickel precipitates as a 
green powder, while the salt of cobalt remains in solution. The 
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liquid 19 then decanted^ and if no additional precipitate aubiades 
from it in twenty*foar hours, it is free from nickel, and may be 
eyaporated to dryness. The precipitate of nickel contains a 
little cobalt. 

Cobalt is a brittle meitqj, of a reddish grey colour, somewhat 
more fusible tlian iron, and of the density 8.5131 (Berzelius.) 
It is generally stated to be magnetic, even when free from iron 
and nickel, although a minute quantity of arsenic causes it to 
lose that property. But«Mr.*Faraday finds pure cobalt not to 
Jbe susceptible of magnetism. Cobalt is less oxidable in the air 
or by acids than iron, dissolving slowly in diluted hydrochloric 
or sulphuric acid, when heated, with effervescence of hydrogen ; 
but it is readily oxidised by nitric acid. This metal forms a 
protoxide and peroxide, Co O and C 02 O 3 , corresponding with 
the oxides of irqn, and also a compound oxide, CoO + COgO^, 
analogous to the black? oxide of iron.* 

Protoxide of cobalt^ Co O, 469 or 37.57. — Prepared by the 
ignition of the carbonate, this oxide is a powder of an ash grey 
colour. It is precipitated by an alkali, as a hydrate, from its 
solutions in acids, of a fine blue. Fused with glass, the oxide 
of cobalt ^colours it blue, even when in minute quantity, no 
other colouring matter having so much intensity. SmaU blue is 
a pounded potash glass containing cobalt. The salts of this 
oxide have a reddish colour in solution. They are not preci- 
pitated by sulphuretted hydrogen, when they contain a strong 
acid, but give a black protosulphuret with an alkaline sulphuret. 
The oxide is precipitated blue by ammonia, and redissolved by 
an excess of that alkali. It is precipitated as a pale pink car- 
bonate by alkaline carbonates, which is soluble in carbonate of 
amn^gnia. The colour of the ammoidacal solutions of the salts 
of cobalt is red, which ||f of a lively tint when the oxide is pure, 
but becomes of a dull purple and^even brown-black when oxide 
of nickel is present in greater or less quantity. 

Oxide of cobalt appears to combihe with alkalies and earths, 
as well as with acids. It dissolves in fused potash, and imparts 
a blue colour to the compound. '^J^agntsia, with a drop of 
nitrate of cobalt, ^hea dried and ignited, assumes a feeble but 
characteristic rose jkint, oy which the presence of that earth'in 
minerals containing no metallic oxides nor alumina, is asc<|r- 
tained in blowpipe experiments. A compound of oxide of 
cobalt with alumina is obtained by mixing the solution of a salt 
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of cobalt, which must be perfectly free from iron or nickel, with 
a solution of equally pure alum, precipitating the liquor by an 
alkaline carbonate, washing the precipitate with care, drying and 
igniting it strongly. It forms a beautiful blue pigment, known 
as cobalt blue, which may be eomptydd in purity of tint with 
ultramarine. A compound of oxide of cobalt with oxide of 
zinc may be prepared in a similar manner, which is a fine 
green. 

Chloride of cobalt^ Co Cl, istohtained by dissolving zdSre or 
the oxide in hydrochloric, acid. Its solution is of a pink red, 
and affords hydrated crystals of the same colour^ but when 
highly concentrated, the solution assumes an intense blue colour, 
and then affords blue crystals of chloride of cobalt, which are 
anhydrous, (Proust.) The red solution is used as a sympatlietic 
ink : characters written with it on paper arg colourless and 
invisible, or nearly so, but when the papd* is'^^armecl by holding 
it near a fire or against a stove, thd writing becomes visible and 
appears of a beautiful blue. By and by, as the salt absorbs 
moisture, the colour again disappears, but may be reproduced 
by the effect of heat. If the paper be ‘ exposed to too high a 
temperature, the writing becomes black, and does notafterwards 
disappear. The addition of a salt of nickel to thef sympathetic 
ink, gives a green instead of blue. ^ 

The neutral carbonate of cobalt is unknown, oxide of cobalt, 
like magnesia, being thrown down from its solutions, by alkaline 
carbonates, as a carbonate with excess of oxide. The sub- 
carbonate of cobalt is a pale red powder, which contains, ac- 
cording to Setterberger, 2 eq* of carbonic acid, 5 oq. of oxide 
of cobalt, and 4 t q* of water. • 

Besides the sulphide iof^ cobalt corresponding with.^greeu 
vitriol, another salt was crystallized h| Mitscherlich •between 
GH*' and 86®, containing 6 ^q. of water, Co O, SOg-f 6HO, 
isomorphous with a corresponding sulphate of magnesia. Sul- 
phate of cobalt forms usual double salts with sulphates of 
potash and ammohia, containing 6UO. 

Phosphate of edbaU^^tCoO^^ HO, PO5, is an insoluble 
precipitate of a deep violet coloux. When 2 parts of this phos- 
phate, or 1 part of the* arseniate of cobalt^ is carefully mixed 
with 16 parts of alunfina and strongly ignited for a considerable 
time, a beautiful blue pigment is obtained, having* all the cha- 
racters of ultramarine, which was discovered by Theuard. 
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Araeniate of cobalt, C03, As Og-fOHO, exists as a crystalline 
mineral. It contains 6HO^ according to Bucholz. 

Peroxide of cobalt, C02O3, has not the same importance as 
the peroxide of iron^ as it does not combine with acids. It is 
formed when chlorine transmitted through water in which 
the hydrated protoxide is suspended^ or when a salt of the prot- 
oxide is precipitated by a solution of chloride of lime. In the 
former case, water is decomposed by the chlorine, and hydro- 
chloric acid produced, while the «oxygen pf the water peroxidises 
cobalt : Co^ O3 and HO and Cl. = Cog O3 and H CL The 
peroxide of cobalt is precipitated as a black hydrate, contain- 
ing 2HO. This hydrate, when cautiously heated to 600 ® or 
700® yields the black anhydrous oxide. When the peroxide of 
cobalt is digested in hydrochloric acid, chlorine is evolved, and 
the^ protochlori^e formed. Exposed to a low red heat, the 
peroxide loses oxygen^ and the compound oxide, Co O, C02O3, 
is produced, (Hess.) When the protoxide of cobalt is calcined 
with a borax glass, at a moderate heat, it absorbs oxygen, and a 
black mass is obtained, which mixed with manganic oxide, 
serves as a black colour in enamel painting. A cobaltic acid, 
Co O2, was supposed to be formed by the conjoint action of 
oxygen and i*mmonia upon the protoxide, but the evidence of 
its existence is insufficient. 

There exist three sulphur eta of cobalt, a protosulphuret, 
sesquisulphuret, and bisulphuret. 

Percyanide or aesguicyanide of cobalt has not been ob- 
tained in a separate state, but it exists in a class of double 
cyanides, of which the radical is eobalti-cyanogen, Cyg Co^, ana- 
logous to the tferricyanides. The cobalticyanide of potassium, 
corresponding with the red prussiatte (tf potash, is formed when 
protoxide of cobalt o||||its carbonate is dissolved in caustic 
potash, which has been treated with an excess of hydrocyanic 
acid. It is an anhydrous salt, pale yellow and nearly colourless 
when puire, of the same form as the'TSmcyanide of potassium. 
Its solution does not affect the salts of iron^, but forms a rose- 
coloured precipitate with those of the^protoxide of cobalt. 

A phoaphuret qf colalt, Co^P, was obtained by Bose, as a 
grey powder, on pj^ssang hydrogen ovfer the subphosphate of 
cobalt ignited in a porcelain tube. It is also produced by 
the action of phosphuretted hydrogen on the chloride of cobalt, 
and may be looked upon as analogous in composition to the 
former compound, H3 P. 
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SECTI.ON IV*. 

NICKEL. 

I 

.Ej^. 369.7 229.C2. 

This metal resembles iron and cobalt more than any others, 
and is associated with these metais iir meteorites, and in most 
of the terrestrial minerals which contain it. The principal oie 
of nickel is arsenical nickel, a mineral having the colour of 
metallic copper, to which the German miners, having attempted 
in vain to extract copper from it, gave the name cupfer-^nickelj 
or false copper. This mineral was discovered, by Cronstedt 
of Sweden, in 1751, *to contain a particular jnetal, whicfi he 
called nickel* Nickel imparts a remarlftablfe* whiteness to the , 
metallic alloys which contain it, oh which account it has come 
of late to be valued in the arts, being adied to brass^ to form 
the well known imitations of silver. 

The metal is prepared from the native arseniuret, or from an 
artificial .arseniuret called apeiasy which contains al^ut 54 per 
cent of nickel, and has been observed by Wohler iit octohedrons 
of a square base, having the composition 1513 As. Speiss is a 
metallic substance which collects at the bottom of the crucibles 
in which smalt or cobalt blue is prepared. In that operation, a 
mixture of quartzy sand, potashes, and ^le roasted ore of cobalt 
are fused together. The previous roasting never being perfect, 
a part of the metals escape oxidation, and hence when the mix- 
ture described is fusSd, the cobalt, which is morc^oxidable than 
nickel and copper, reactrfujjpn the oxides of these metafe, and 
reduces them while it is itself oxidate^ ; the nickel and copper 
concentrate in the speiss, while the smalt contains almost none 
of them. A salt of nickel may be obtmiied by treating speiss 
in fine powder with afi ^qual weight of sulphuric acid, diluted 
with four or fivfe times its bulk of water, and adding gradually^ 
an equal weight of hitri^cid, which occasions the oxidation of 
both the nickel and arsenic. The green^olution thus obtained, 
when cooled and allovfed to stand A>r twpnty-four hours, de- 
posits much arseniouj acid, from which it may be separated by 
filtration. A quantity of carbonate of potash, equal to half the 
weight of the speiss, is then added to the solution, which is 
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cohcenti^ted and set aside to crystallize. The double snlphate 
of nickel and potash, NiO, SO3 4* KO, SO3 4-6110, fonns 
easily, and may be obtained free from arsenic by a second crys- 
tallization, (Dr. Thomson.) The perfect separation of small 
quantities of cobalt an‘d« copper, which these crystals may still 
contain, requires additional processes, for which I must referto 
Berzeliuii; (Trait<5, I, 486.) With the view of obtaining the 
metal, the insoluble oxalate of nickel may be precipitated from 
the preceding salt by oxalate of ammonia, washed, dried, and 
^ignited gently in a covered crucible. The oxalic acid reduces 
the oxide of nickel, and the metal remains in a spongy state. It 
is pyrophoric, like manganese and iron prepared in the same 
manner, if the temperature of reduction has been low. To 

obtain the metal in a solid mass, it should be fused in a crucible 

( 

covered with popnded glass. The oxide of nickel is very easily 
reduced both by 6drbdnic oxide and hydrogen. 

Nickel, when free from cObalt, is silver white, unalterable in 
air, and highly dudHe. Its density, according to Richter, is 
8.279, and after being forged, 8.666. Nickel is magnetic nearly 
to the same extent as iron. Magnets composed of this metal 
lose their polarity at 630® (Faraday.) It is somewhat more 
fusible than iron. Nickel forms two oxides corresponding with 
the protoxide and .peroxide of iron ; but the double compound 
of the two oxides of nickel, corresponding with the black oxide 
of iron, has not been observed. 

Protoxide of nickel^ NiO; 469.7 or 37.62. — May be obtained 
by the ignition of the carbonate or nitrate of nickel, or by 
precipitation from its salts by an alkali, as a dark ash* coloured 
powder, or as a bulky hydrate, of an* apple-green colour, 
Ni O, JIO. Oxide of nickel is veiy soluble in acids, but not in 
potash w soda. Ammonia dissolves it, and forms an azujre 
blue solution, from which oxid^ of nickel is precipitated by 
potash^ barytes, and strontian, having a considerable tendency 
to combine with salifiable bases. Theliolutions of its salts have 
all a green colour, much more intense than tlfat of the ferrous 
salts. They are not precipitated sulphuretted hydrogen 
when a strong acid is present, but afford a black sulphuret with 
alkaline sulphuret^ Tlie carbonate of nickel is of a pale green 
colour, and soluble in carbonate of ammonia. 

Peroxide of nickel^ Ni203, is obtained as a black powder, 
by exposing they hydrated protoxide suspended in water to a 
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stream of chlorine gas. It does not combine with acids, and in 
other respects resembles peroxide of cobalt. 

Besides a protoaulpuhn^ty Ni a subsulphur et of nickel^ Ni^S, 
is formed, like that of manganese, by decomposing the ignited 
sulphate of nickel by hydrogen. A iiiulphurel of nickel also 
exists in combination as a constituent of the mineral, nickel- 
glance, NiSg+NiAs. 

Chloride of nickel^ NiCl, forms a solution of an emerald 
green colour, and yields by evaporation a hydrated salt of .the 
same colour, which becomes yellow when deprived of its water 
of crystallization. Chloride of nickel, sublimed at a high tem- 
perature without access of air, forms golden scales, which 
dissolve with difficulty. ^ 

Sulphate of nickel crystallizes from a strong solution in 
slender green prisms, isomorphous with epsoip salt, of whicli 
the composition is NiO, SO^-f 7HO. At*a l/iS^ber temperature, 
it crystallizes with 6 eq. of water/ NiO, SO^-fGHO, like the 
magnesia and cobalt salt, and in the same form. M. Mitscher- 
lich has made the singular observation, that when the crystals 
containing 7 eq* of water are exposed, in a close glass vessel, to 
a day of sunshine, or kept for sonte time in a tempegrate place, 
they change their form, becoming a mass of smaM crystals, of 
which the form is the regular octohedron. The original crystals 
become opaque from this change, but lose none of their com- 
bined water. Sulphate of nickel forms the usual double salts 
with sulphates of potash and ammoipa. 

The useful white alloy of nickel^ GermSh silver, or packfong, 
is formed by fusing together 100 parts of copper, 60 of zinc, 
and 40 of nickel. 


SECTION V. 

^INC. 

Eq. 4o!i.2 or 32.S1 5 Zn.^ 

• 

The principal ores«of zinh are culaminej or the carbonate, a 
pulverulent mineral genemlly of a reddiali or flesh colour, and 
zinc blende^ a massive mineral of an adiraantine lustre, and often 
black. The oxide, fiom the carbonate or* from the calcined 
sulphuret, is reduced by means of carbonaceous matter. This 
process is conducted in a distillatory apparatus, of a particular 
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form^ owing to the volatility of the metal. It eonaists of a 
crucible^ covered above, with an iron tube in its J>ottom, of 
which tile upper open extremUy is in the crucible, and the 
other terminates over a vessel of water below the furnace. The 
gaseous products and Vapour of zinc escape by this tube, and 
the latter is condensed in the water. Zinc may be purified by 
a second distillation in a porcelain retort, but the first portions 
of that metal which come over should be rejected, as they gene- 
rally contain cadmium and ar^eiyc. 

• Zinc is a white metal, with a shade of blue, and possessing a 
Ibright metallic lustre. It is usually brittle, an^ its fracture 
exhibits a crystalline structure. But zinc, if pure, may be 
hammered into thin leaves, at the usual temperature ; and com- 
mercial zinc, which is impure and brittle at a low temperature, 
acquires the same malleability bet^ween SJlO® and 300® ; it may 
then be laminated; aifd the metal is how consumed in the form« 
of sheet zinc for a variety of» useful purposes. At 400® it again 
becomes brittle, and may be reduced to powder in a mortar of 
that temperature. The density of cast zinc is 6.862, but it may 
be increased by forging to 7*21. Its point-of fusion is 773®, 
(DanielL), At a red heat, zinc rises in vapour, and takes fire in 
air, burning«with a white flame like that of phosphorus ; the 
white oxide produced is carried up mechanically in the air, 
although itself a £xed substance. I^aminated zinc is a valuable 
substance, from its little disposition to undergo oxidation. 
When exposed to lur, . or ^ced in water, its surface^ becomes 
covered with a grey fitin of suboxide, which dqps not increase ; 
this film is better calculated to resist both the mechanical and 
chemical effctf^ts of other bodies than the metal itself, and pre- 
serve? it* Zinc dissolves with facility in dilute hydrochloric, 
sulphuric and other hydrated acids> by substitution for hydrogen. 
In contact with iron, it protects the latter from oxidation in any 
saline fluid. Zinc forms probably three oxides, the suboxide 
referred, to, the protoxide, and a pcfltf^ide, when the hydrated 
protoxide is acted upon by a solution of peroxide of hydrogen; 
but of these, the first and last haVe not been studied, and the 
protoxide is, therefor^ the only well\nown oxide of zinc. 

Protore qf zifW ; ZAO; 503,2 or 40.31. — May be obtained 
by the combustion of the metal in a stoneware crucible, as a 
white powder, of by precipitation from its salts, by an alkali, 
as a white hydrate. It is ofa yellow colour at a h^h tempera* 
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ture, which disappeai^ on Oxide of zinc combines 

with acids and forms salts, which are co|ourless like those of. 
magnesia. It is precipitated as* a white gelatinous hydrate, by 
ammonia^ arid redissolved by an excess of that alkali. It is 
soluble also in potash and soda, and combines with several 
other basic oxides. Its salts, containing a strong acid in excess, 
are not affected by sulphuretted hydrogen, but give a white 
hydrated sulphuret wuth an alkaline sulphuret. By the oxida- 
tion of zinc in air and water, v^ithout access of carbonic acid, a 
hydrate, 3ZnO 4- HO, has been obtained in crystalline needles 
(Mitscherlichi) 

The native of zinc^ or zinc blende, Zn 8 ; crystal- 

lizes in octohedrons. Its colour is variable, being sometimes 
yellow, red, brown or^black. ^ 

Chloride of zinc^ Zn Gl^ is produced by the combustion of 
zinc in chlorine, and by dissolving the raefcnl in hydrochloric 
acid^ It is fusible at 212®, volatile* at a red heat, and perhaps 
the most deliquescent of salts. 

Iodide of zinc^ is formed by digesting iodine, zinc and water 
together, and resembles the chloride. 

The neutral carbonate of zinCy forms the ore of «inc, cala- 
mine. When precipitated by an alkaline carbonate* the salts of 
zinc, like those of magnesia, yield the neutrakcarbonate in com- 
bination with hydrated oxide, 2(ZnO, C02)-f S(ZnO, HO)^. 
The mineral substance, zinc hlooniy is of tlii same composition. 
Precipitated in the cold, the carbonate is Zi^O^COg 4- 2(ZnO,HO), 
but is contaminated by sulphate of soda, (Mitscherlich.) 

Sidphate of zinCy J^ite vitriol, ZnO, 803 + 7HO. — ^This salt 
IS formed by the oxidation df the native sulphufet at a high 
temperature, or by dissolving the metal in dilute sulphuric* acid. 
It ciystallizes in colourless pAsmatic crystals, containing 7 <5q* 
of water, of which the form is a right rhombic prism. These 
crystals are soluble in 2| 4inTes their weight of water, at the 
usual temperature, and fuse in their water of crystallization, 
when heated. It •also crystallizes above 860, with 6 eq. of 
water, in an oblique* rh^ibic prism (Mitscherlich). Another 
hydrate is formed and precipitated a8|a Vhite powder, accord- 
ing to Kuhn, containing*2 eq. of watter, wl>en a concentrated 
solution of sulphate of zinc is mixed with oil of vitriol. The 
sulphate of zinc form| the usual double salt with s*ulphate of 
potash, ZnO, SO34 KO, SO346HG. The double sulphate of 

p p 
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zinc and soda contains 4 atoms of water, ZnO, SOg + NaO, SO 3 + 
4HO. It is formed ^by a singular decomposition (page 190). 
When a solution of the sulphate is mixed with a quantity of 
alkali less than sufficient for complete predpitadon, a subsulphate 
0 / zinc precipitates, which according to the analyses of several 
chemists, contains 4 eq. of oxide of zinc to I eq. of sulphuric acid, 
besides water. A concentrated solution of sulphate of zinc dis- 
solves the preceding subsalt, and when saturated contains a com- 
pound of 1 eq. of acid arid 2 sq.«of base, according to Schindler, ■ 
tfftid docs not crystallize. From this solution* Schindler obtained 
tlie former insoluble subsalt with two different proportions of 
water, in long crystalline needles, containing lOHO, by the 
spontaneous evaporation of the solution, and in brilliant crystal- 
imp plates, containing 2 lIO, which were deposited on boiling 
the solution. He also obtained another subsalt, by diluting the 
same solution with a 'large quantity of water, as a light bulky 
precipitate, which contained" 1 eq. of acid, 8 eq. of oxide of zinc, 
and 2 eq. of water, 'fhe insoluble matter which precipitates 
when dry sulphate of zinc combined with 1 eq. of ammonia 
(page 412), is thrown into water, is considered, by Dr. Kane, a 
third subiulphate of zinc, containing 1 eq. of acid, 6 cq. of oxide 
of zinc, ami 10 cq. of water. All these subsulphates afford 
neutral sulphate of zinc to water, after being heated to redness, 
BO that whatever their constitution may be, when hydrated, it is 
certainly different from what it is in their anhydrous condition. 

Nitrate of zinc, ZnO, NO5+6HO, is very soluble in water, 
and moderately deliquescent. 

Phosphate of zinc, ZnOg. HO, PO 5 + 2 HO, is obtained 
in minute silVery plates, which are nearly insoluble, on mixing 
dilute solutions of phosphate of soda and sulphate of zinc. 

Silicate of zinc is found as ‘a crystalline mineral, which 
has ixfoeived the name of the electrical oxide of zinc, because it 
acquires, like the tourmalin, a high degree of electrical polarity 
when heated. It contaiivs water, Bn3 may be represented by 
the formula 2 (3ZnO, SiOg) +3HQ. 

The most important alloys of zinc afe those with copper, 
which form the varietie| of brass. Zinc also combines readily 
with iron, and is eontaminated by tha( metal, when fused in an 
iron crucible. 
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CADMIUM. 

Bq. 696.8 or 55.83; Cd. 

This metal is frequently found in small quantity with zinc, 
and derives the name cadmium,* applied to it by Stromeyer, 
from cadmia fossilia, a denomination by which the common ote^ 
of zinc was formerly designated. In the process of reducing 
ores of zinc, the cadmium which they contain comes over among 
the first products of distillation, owing to* the great volatility of 
that metal. It may bg separated from zinc, in an acid solution, 
by sulphuretted hydrogen,^ which throws down cadmium as a 
yellow sulphuret. This sulphuret dissolves in concTiitrated 
hydrochloric acid, affording the chloride of cadmium, from which 
the carbonate may be precipitated by an excess of carbonate of 
ammonia. Carbonate of cadmium is converted by ignition into 
the oxide, and the latter yields the metal when mixed with one- 
tenth of its weight of pounded coal, and distilled h^a glass or 
porcelain retort, at a low red heat. 

Cadmium is a white metal, like tin, very ductile and mallea- 
ble. . It fuses considerably under a red heat, and is nearly as 
volatile as mercury. The density of cadmium, cast in a mould, 
is 8.6*04t after being hammered, 8.694^. Cadmium may be 
dissolved in the more powerful a^ids, by substitution for hydro- 
gen, with the aid olfheat ; but nitric acid is its proper solvent. 

Oadde of cadmium^ Cdp ; 796.B or 63.83. — Th8 only known 
oxide of cadmium is obtainad by the combustion of the metal, 
or by the ignition of its carbonate, as a powder of an orange 
colour, or as a white hydrate by precipitation from its salts by 
an alkali. Its density, in, the anhydrous conditiou, is 8.183, 
(Herapath.) This oxide is soluble in ammonia, but not in its 
carbonate, (difiFering in the kst property from zinc and coj)pcr), < 
nor in the fixed alkalies. /Its* salts are white, and greatly re- 
semble those of zinc. They are precipijbafed of a fine yellow by 
sulphuretted hydrogen.^ 

Sulphuret of cadmium is distinguished from sulplmret of 
arsenic, which it resembles in colour, by being insoluble in 
potash, and by sustaining a red heat without subliming.^ 

c p 2 
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ChUmde md iodide of cadmium are easily crystallized in com- 
bination with water. 

Sulphate of cadmium forms efflorescent crystals, CdO, SO 3 + 
4 HO ; Rnd forms a double salt with sulphate of potash : 
Cd O, SO 3 + KO, SO 3 -f 6 HO, 

Several definite alloys of cadmium have been formed. At a 
red heat, 100 parts of platinum retain 1 17.3 parts of cadmium, 
gmng a compound Cd^Pt : 100 parts of copper retain, at a red 
h^t, 82.2 of cadmium, Which approaches nearly the proportion 
#')redCu 2 . Cadmium forms an amalgam with mercury, which 
crystallizes in octohedrons, and consists of 21.74 parts of cad- 
mium, and 73-26 of mercury, or CdHg 2 . 


SECTION VII. 

COPPER. 

Eq. 395.7 or 31 . 71 ; Cu {cuprum.) 

Copper, if not the most abundant, is certainly one of the 
most generally diffused of the metals. Its ores are often accom- 
panied by lAetallic copper, crystallized in cubes or octohedrons. 
The richest mine? of this country are those in Cornwall and 
Anglesea. The common ore of this metal is copper pyrites^ a 
compound of subsulphuret of copper and sesquisulpburet of 
iron, or a sulphur salt, Cu^S + FcgSg, but in which^ the two 
sulphurets are also found in other proportions, and which often 
contains an admixture of the bisulphuret of iron. Few metal- 
lurgic proc^isses require more skill and .attention than the 
extraction of copper from this ore,* The first object of the 
process is, by roasting the ore at a high temperature, in contact 
with siliceous matter, to oxidate and convert the iron into 
a fusible silicate or slag, while the less oxidable copper is ob- 
tained as the fusible subsulphuret of^ copper, but still contami- 
nated with a considerable quantity of pro't:osu]j)huret of iron. 
By alternate oxidation of the lastt^prodiict, and reduction by 
carbonaceous matter "in contact with quartzy sand, more of the 
iron and other oxidable substances are separated in the form of 
scoriaj, and the jsame end is afterwards more perfectly attained 
by directing a strong blast of air upon the surface of the melted 
copper. 



SUBOXIDE OF COPPER. 579 

With the exception of titanium, copper is the only metal of a 
red colour. The crystals of native copper, and of that obtained 
in the humid way by preqipitfttion with iron, belong to the 
regular system ; but the crystals which form in the cooling of 
melted copper were found by Seebeck«to be rhomboidal, and to 
have a different place in the thermo-electric series from the 
other crystals. The density of copper when cast is about 8.83, 
and when laminated or forged 8.95 (Berzelius.) It is less fusible 
than silver, but more so than* gold, Its point of fusion being 
1996^» (Daniell.) It is one of the most highly malleable metmi^.i 
and in tenacity is only inferior to iron. It has much less aftinity 
for oxygen than iron, and decomposes water only at a bright red 
heat, and to a small extent. In damp air, it acquires a green 
coating of subcarbonaje of copper, and its oxidation is remvk- 
ably promoted by the presence of acids. The weaker acids, 
such as acetic, have no effect upon copper,, unless witji the 
concurrence of the oxygen of^the air, when the copper rapidly 
combines with that oxygen, and a salt of the acid is formed. 
Copper scarcely decomposes the hydrated acids, by displacing 
hydrogen ; for when boiled in hydrochloric acid, it disengages 
only the smallest traces of that gas. But hydro^eft does not 
precipitate metallic copper from solution. Copper acts violently 
on nitric acid, occasioning its decomposition, •with evolution of 
nitric oxide, and dissolving as a nitrate. 

Suboxide of copper y Red oxide of copper y CugO; 891.4 or 
71.42. — This degree of oxidation is better marked in copper 
than in any oth<5ir metal of the magnesian class. ITie suboxide 
•of copper is found native in octohedral crystals, and maybe 
prepared artifieially by heating to redness, in a covered crucible, 
a mixture of five parts of the black oxide of copper with*four 
parts of copper filings. It is a reddish brown powder) which 
undergoes nq change in the «ir. The surface of vessels of 
polished copper is often coqvefted into suboxide, or bronzed, to 
enable them to resist the action of air and moisture ; this is 
done by covering tBem with * paste of peroxide of iron, heating 
to a certain point, anS aftjwwards cleaning them, to remove the 
oxide of iron; or otherwise, bv means ^or a boiling solution of 
acetate of copper. 

Dilute acids decompose suboxide of copper, dissolving the 
protoxide, and leaving metallic copper. Undiluted hydrochloric 
acid dissolves the subo:^e^ without decomposition, qr rather 
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forms a corresponding subchloride of copper, which is soluble 
in hydrochloric acid. The hydrated alkalies precipitate a 
hydrated suboxide from that solution, of a lively yellow colour, 
which changes rapidly in air from absorption of oxygen. 

Suboxide of copper is also formed when copper is placed in a 
dilute solution of ammonia, containing air, and is dissolved by 
the alkali. If the ammonia has been corked up in a bottle with 
copper for some time, the liquid is colourless ; but on pouring 
it^t in a thin stream, if immediately becomes blue, by absortml 
ci^ oxygen. The liquid may be again deprived of colour by 
returning it to the bottle, and closing it up, in contact with the 
metal. 

Compounds have Ijcen obtained of suboxide of copper with 
several acids, particularly with sulphurpus acid, the sulphite 
forming a double salt with sulphide of potash, CujO, ,802 + 
2(K0, SO 2 ), with byposulphurous acid, with sulphuric, car- 
bonic and acetic acids. Wlien i^sed with vitreous matter, tlie 
suboxide of copper gives a beautiful ruby red glass 5 but it is 
difficult to prevent the suboxide from absorbing oxygen, when 
the glass becomes green. 

Subsuiphifref of copper^ CugS, forms the mineral copper 
glance^ and is also a constituent of copper pyrites. It is a 
powerful sulphur base. Copper filings, mixed with half their 
weight of sulphur, when heated, unite with intense ignition, and 
form this subsulphuret. 

Subchloride of copper ^ CU 2 CI, may be prepared by heating 
copper filings with twice their weight of corrosive sublimate. 
It was obtained by Mitscherlich in tetrahedrons, by dissolvings 
in hydrochloric acid the subchloride pf copper formed on mixing 
solurions of protochlorides of coppe^'f and tin, and allowing the 
oonoentratc^idj^lution to cool. Subchloride of copper so pre- 
pared is whiife insoluble in water, soluble in hydrochloric acid, 
but precipitated by dilution. It^ is ^dissolved by a boiling solu- 
tion of chloride of potassium, which, if allowed to cool in a close 
vessel, yields large octohedral crystals of a double chloride : 
CuaCl4 2K(31 j they^ are anhydrousy It is remarkable that the 
forms of this double^^s^t, and of boA its constituents, all be- 
long to the regular system.* 

Suhindide ofncoppir, Cual, is a white insoluble precipitate, 

^ MitsclicrHch in FoggendorfiTs ^nalcn, 49, 401. 1840* 
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obtained on mixing a aolution of I part of sulphate of copper 
and 2i parts of protosulphate of iron, with a solution of iodide 
of potassium* * • 

PrBiowide of copper ^ Black owide of coppery CuO; 495.7 
39 * 71 ‘“The base of the ordinary sall» of copper. It is fonned 
by the oxidation of copper at a red heat, but is generally , 
prepared by igniting the nitrate of copper. It is black like 
charcoal, and fuses at a high temperature. This oxide is re- 
markable for the facility with which il? is reduced, at a low^ui 
heat, by hydrogen and carbon, which it converts into waterm^ 
carbonic acid. It is that property which recommends oxide of 
copper for the combustion of organic substances, in close vessels, 
by which their ultimate analysis is effected. Tlie protoxide of 
copper precipitates as a blue hydrate, when a solution of ^sul- 
phate of copper is allowed to fall, drop by drop, into solution of 
potash. This hydrate is decomposed •in Uoiling water, and 
becomes brown, but is apt to carrjr down a little of its precipi- 
tating alkali, of which it is difficult to deprive the brown oxide 
altogether by washing. 

The oxide of copper dissolves readily in ammonia, affording a 
deep azure blue solution. But for this experimcEit a small 
quantity of acid, or of a salt of ammonia, must b<J present, the 
solution appearing to be truly that of a sqjmlt of copper in 
ammonia, and pure ammonia not dissolving equally pure oxide 
of copper. Dr. Kane obtained, on one occasion, an insoluble 
ammoniacal owide 0 / coppery hy preciintd^j^ing chloride of copper 
by ammonia, of which the composition was 3CuO -f^NII^ + 6110. 

Oxide of copper is a powerful base. Its salts are generuliy 
blue or green, when h^^drated, but white wlwfti anhydrous. 
Although neutral in composition, they have a strong aci4 reac- 
tion. They are poisonous 5 'but their effect upon the animal 
system is counteracted m some degree by sugar. Liquid albu- 
men forms insoluble compounds with these salts, and is an 
antidote to their poisonous action. Copper is separated in the 
metallic state froril its sal^s by zinc, iron, lead, and the more^ 
oxidable metals, whibh ape dissolved and take the place of the 
former metal. Copper is completely precipitated by sulphuretted 
hydrogen, as a dark brdwn or black sulphipret, even from acid 
solutions. The ferrod^anide of potassium gives a characteristic 
brown precipitate* with the salts of copper. Its sfllts also im- 
part a green colour j^flame. The black oxide of copper 
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dissolves by fusion in a vitreous flux, and produces a green 
glass. 

Thenard obtained a higher o«ide of* copper, CuOj, by the 
action of diluted peroxide of hydrogen on the hydrated prot- 
oxide. f 

r Chhride of copper^ CuCl-f 2 HO, is obtained by dissolving 
the black oxide in hydrochloric acid. Its solution, when con- 
centrated is green, but the salt forms blue prismatic crystals, 
wly^ contain two atoms ‘of water. It combines with chloride 
(jf^tassiuin*, and more readily with chloride of ammonium, 
forming the double salts, KCl-f CuCl + 2 HO, and NH 4 CI + 
CuCl-f 2 lIO. 

Carbonates of copper., — When a salt of copper is precipitated 
by a^ alkaline carbonate, a hydrated subcarbonate is produced, 
containing 2 eq. of oxide of copper to 1 eq. carbonic acid. It is 
a pale blue bulky precif>itate, which becomes denser and green 
when treated with boiling water. It is used as a pigment, and 
known as mineral green, 'fhe beautiful native green carbonate 
of copper, malachite y is of the same composition, CuO, CO 2 + 
CuO, no. The finely crystallized blue copper ore is another 
subcarbona^c. It may be represented as the neutral hydrated 
carbonate of ^copper, in combination with a similar carbonate of 
copper, in which the constitutional water is replaced by oxide 
of coi)per : 

rcuO, CO2+110 

(CuO, COj-fCuO. 

In the green carbonate, the constitutional water of the neutral 
carbonate of \ 3 opper is replaced by hydrate of copper. The 
neutral carbonate of copper itself, of Which the formula would 
be CuO/COg-f HO, is unknown. 

Sulphate of copper, Blue vitriol, CuO, SO 3 , HO +4110; 
996.9 + 502.5 or 79.88+45. — ^This salt may be formed by dis- 
solving copper in sulphuric acid diluted with half its bulk of 
^water with ebullition, when the metnl is oxidated with formation 
of sulphurous acid. But the sulphate of hopper is more gene- 
rally prepared, on the htrjje scale, by the roasting and oxidation 
of sulphuret of copper. It forms largfe rhomboidal crystals of 
a sapphire blue, ^containing 5 eq. of wdter, which lose their 
transparency in dry air : they are soluble in four times their 
weight of cold, and twice their weiah^f boilinu water. Like 
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the other soluble salts of copper, the sulphate has an acid reac- 
tion ; it is used as an escharotic. The water in this salt may 
be reduced to 1 eqv at 212 “ ; above 4()0o it is anhydrous and 
white. Although pure sulphate of copper does not crystallize 
with 7 HO, yet, when mixed with sulphates of magnesia, zinc, 
nickel, and iron, it crystallizes along with these isomorphous 
salts in the form of sulphate of iron. At a strong red heat, it 
fuses and loses acid. The anhydrous sulphate absorbs 2 ^ eq. of 
ammonia, and forms a light ^powder of a deep blue colour. 
When ammonia is added to a solution of sulphate of coj^r^ 
an insoluble subsulphate is -first thrown down, which is redis- 
solved as the addition of ammonia is continued, and the usual 
deej) azure blue ammoniacal solution forrued. The ammoniacal 
sulpliate may be obtained in beautiful indigo-blue crystal^ by 
conducting a stream of ammoniacal gas into, a saturated hot 
solution of the sulphate : it is CuO, SO 3 HO V 2 NH 3 (Berzelius.) 
These crystals lose 1 eq. ammonia aftd 1 eq. water at 390® (Kane), 
and are converted into a green powder, CuO, SO 34 -NII 3 , or 
(N H 3 CuO) SO 3 (page 415) ; by the cautious application of a 
heat not exceeding 500®, the whole ammonia may be got rid of, 
and sulphate of copper quite pure remains behind# Sulphate 
of copper forms the usual double salts with sulphate of potash 
and with sulphate of ammonia. A saturated hot solution of 
the double sulphate of copper and potash allows a remarkable 
double subsalt to precipitate in crystalline grains, K 0 ,S 03 4 - 
3 (CuO, 803 )+ CuO, HO -f3HO. A corresponding seleniate 
falls, under the boiling point, and always in crystals. The 
ammoniacal and double salts of sulphate of copper may be 
represented thus : 

Sulphate of copper (blue vitriol) • . . CuO, SO 3 , HO + 4 HO 
Sulphate of copper aud potash . . • CuO, SO 3 , (KO, SO 3 ) + 6 HO 
Hydrated ammouiacal sulphate of Copper CuO, SO 3 , HO + 2 NH 8 
Preceding salt dried at 300* ^ T • . (NH^ GuG), SO, 

Rose’s ammoniacal sulphate . .. • . Cu0,S08 + (NH8Ca0)S0, + 4NH3 
Do. heated to 350^ . . . . . CuO^SOg+CNHaCuOlSO,. 

. -• 

subsulphates iff copper been formed. A green 
powder is obtained by digesting hydr^ed oxide of copper in a 
solution of sulphate of copper, of which the constituents are, 
according to Berzelius, SOa, 3CuO and 3HO. *The bluish green 
precipitate which falls ammonia is added to sulphate of 
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coppet, Or potash added in moderate quantity to the same sait^ 
contains, according to Kane^s analysis and my oMm, S03, 4Cu0 
and 4HO. By a larger quantity of potash, Dr. Kane precipi- 
tated a clear grass green subsulphate, containing SO3, 8CuO 
and 12 HO. The last subsulphate loses exactly half its water 
at 3000.* 

Nitrate of copper^ CuO, NO5 + SHO, is formed by diss olving 
copper in nitric acid. It crystallizes from a strong solution in 
blue prisms, which contain 3 at(»ns of water, or in rhomboidal 
pliiles, which contain 6 atoms of water. This salt acts upon 
granulated tin, with nearly as mudi energy, as hydrated nitric 
acid. A crystallized ammoniacal nitrate of copper, is obtained 
by conducting a stream of ammoniacal gas into a saturated 
soli^tion of nitrate of copper. It is anhydrous, and contains 
NO5, CuO and 2J^H3 (Kane). I would prefer to represent it 
as a nitrate of cupra'nimonium *f 1 eq. of ammonia, that is, 
(NH3,CuO) NO5+NH3. ‘ 

Subnitrate of copper, HO, NO^+SCuO, is a green pow- 
der, produced by the effect of heat upon the neutral nitrate, at 
any temperature between 150® and 600® ; or by adding a quan- 
tity of alkali to that salt, insufficient for complete precipitation. 
When oxide* of copper is drenched with the most concentrated 
nitric acid (HO, NO5), it is this subsalt, singular as it may 
appear, which is formed, even when the acid is in great excess; 
the reason seems to be, that the nitrate of water, being defi- 
cient in constitutional,, water, assumes 3 atoms of oxide of cop- 
per in its'place (page 296). 

Oxalate of copper and potash, is obtained by dissolving oxide 
of copper in Knoxalate of potash; it crystallizes with both 2 
and 4^toms of water. , 

Acetate^ of copper.— The n€utrafacetateyC\x0,{C^}Af)^'\'}10^ 
is obtained by dissolving oxide <>of copper in acetic acid. It 
forms fine crystals of a deep green colour, containing 1 eq. 
of water, which lose their transparency in air, and are soluble 
in 5 timea their weight of boiling water. This salt also forms 
blue crystals from* an acid solution, ^^undfir 40®, which contain 
5HO (Wohler);^ salt is found in commerce under 

the improper name of verdigris. Acetates of copper 

and potash iinitq in single equivalents, *hnd form a double salt 

* Transactions of the Royal Irish Academy, vol. 19, p. 1 5 or An. de CU. etde Pb. 
t.;2, p.272. 
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in fine bliie crystals, containing SHO, Verdigris is a subacetate 
of copper, formed by placing plates of the metal in contact 
with the fermenting marc of tthe grape, or with cloth dipt in 
vinegar. The bluer species, which consists of minute crystal- 
line plates, is a definite compoimd «f 1 eq. acetic acid, 2 eq. 
oxide of copper, and 6 eq. of water, CuO, (C4 H3 O3), CuO-f - 
6 HO. The ordinary green species is a mixture of sesqui and 
tribasic acetates of copper, with the preceding bibasic acetate. 
Water dissolves out from verdi^s the sesquiacetatey which pre- 
sents itself on evaporating the solution, sometimes as an 
phous mass, and sometimes in crystalline grains of a pale blue 
colour. It consists of 2 eq. of acetic acid, 3 eq. of oxide of 
copper and 6 eq. of water; it loses 3 eq. .of water at 212®. The 
tribasic acetate is the insoluble residue which remains, ^fter 
the lixiviation of verdigrij. It is a clear green powder, which 
loses nothing at 212®. It contains 2 eq! 0/ acetic acid, 6* eq. 
oxide of copper, and 3 eq. of wafer. (Berzelius). 

Acetate of copper also combines with acetate of lime, arid 
vdth several other salts. The double acetate and arsenite of 
coppery is a crystalline powder of a brilliant sea-green colour, 
which is used a.s a pigment, under the name of the green of 
Schweinfurth. It is obtained by mixing boiling Solutions of 
equal parts of arsenious acid, and the neutral acetate of copper, 
adding to the mixture its own volume of cold water, and leaving 
the whole at rest for several days. It is a highly poisonous 
substance. From the analysis of Ehrznjinn its formula is Cu O, 
(C4H3 03)+3(Cu0,As03). 

The most important alloys of copper are those with tin and zinc: 

100 parts copper with 10 tin, form bronze arfd gun metal. 

100 parts copper with 20 to 25 tin, fprm bell metal. •• 

100 parts copper with 30 to 35 tin, form speculum, metal. 
A little arsenic is generally added to the last alloy, to increase 
its whiteness. 

The different varieties of brass are prepared, either by fusing 
together the two metals, copper and zinc, or by heating copper 
under a mixture of ^arcosd and odamine, an operation in which 
zinc is reduced and its vapour absorbed 1>y the cop|)er. Two or 
three' parts of copper fb one of zinc form oommon brass; equal 
parts of copper and zinc, or four of the former and one of the 
latter, give an alloy of a higher colour resembling gold, and on 
that account called similar. 
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SECTION VIU. 

LEAD. 

» • 

Eq. 1294,5 or 103.73^ Pb {plumbum). 

Lead was one of the earliest known of the metals. A consi- 
derable number of its conni^ouud^ are found in nature, but the 
i^ulphuret, or galena, is the only one which is important as an 
ore of lead. The reduction of the metal is effected by heating 
with exposure to air (or roasting) the sulphuret, by which much 
of the sulphur is burned and escapes as sulphurous acid, and 
a fusible mixture of oxide of lead and sulphate of lead is pro- 
duced. A fresh portion of the ore is added, which reacts upon 
the oxide of lead, the ifulphur and oxygen forming sulphurous 
acid, and the lead of both oxide and sulphuret being consequently 
reduced. Lime also is added, which decomposes the sulphate of 
lead, and exposes the oxide to be reduced by the fuel or by 
sulphuret. 

Lead has* a bluish grey colour and strong metallic lustre, is 
very malleable, and so soft, when it has not been cooled rapidly, 
as to produce a pietallic streak upon paper. Its density is 
11.445, and is not increased by hammering. Its tenacity is less 
than that of any other ductile metal. The melting point of 
lead is 612®; on solidi|ying, this metal shrinks considerably, 
so that bullets cast in a mould are never quite round. Lead, 
like most other metals, assumes the octohedral form on cry- 
stallizing. Lead is one of the less oxidable metals, at least, 
when massive j its surface soon tanxislies, and is covered with a 
grey poHicle, which appears to dbfend the metal from farther 
change. Rain or soft water cannot be preserved with safety in 
leaden cisterns, owing to the r8q>id formation of a white hydrated 
oxide at that line where the metal is exposed to both air and 
water ; the oxide formed is soluble ^n pure Vater, and highly 
poisonous. But a minute trace of any sulj)hate oi* chloride in 
the water, which spring cjnd well water usually contain, arrests 
the corrosion of th^ lead,' by converting the oxide of lead into 
an insoluble salt, and prevents the contamination of the water, 
(Dr. Christfson’s Treatise on Poisons). Lead is not directly 
attacked by hydrochloric and sulphuric acids, at the usual tem- 
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peraturfe, but they favour its union ^th oxygen from the air. 
Its best solvent is nitric acid. I Besides a protoxide, Pbt), 
which is a powerful base, lead forms a suboxide Pb^ O, and a 
peroxide Pb O^, which do not combine with acids. 

Sitboxide of kady Pb^ O, was discevered by Dulong, and is 
best obtained by heating the oxalate of lead to low redness in . 
a small retort. It is dark grey, almost black, and pulverulent, 
and is not affected by metallic mercury. By the analysis of 
Boussingault, it contains 1 eq* of oxygen to 2 eq. of lead. ITie 
grey pellicle which forms upon lead exposed to the air is, ac^ 
cording to Berzelius, the same suboxide. 

Protoxide of lead, Pb O, 1394.5 or 111,73. — When a stream 
of air is thrown upon the surface of melted lead, the metal is 
rapidly converted into the protoxide, of a sulphur-yellow colour. 
The oxidated skimmings^ of the metal are, in cliis condition, • 
termed massicot, and were at one time usJd aV a yellow pigment, i 
This preparation is fused at a bright red heat, and the oxide is 
thus separated from some metallic lead, wifh which it is inter- 
mixt in massicot. The fused oxide forms a brick red mass, 
on solidifying, which divides easily intd crystalline scales, which 
are tough and not easily pulverised 5 they form litharge. The 
protoxide of lead can be obtained distinctly ci^staliized by 
various processes, but always presents itself in the same form, 
an octohedfon with a rhombic base (Mitscherlich). By ig- 
niting the subnitrate of lead, the protoxide is obtained very 
pure, and of a rich lemon yellow colpun Its density when 
fused is 9.4214. 

When the acetate, or any other salt of lead, is precipitated by 
potash, the pi^toxide faUs as a white hydrate, ^hich may be 
dried at 212® without decomposition. It contains 3f pur cent 
water, and is, therefore, the Hydrate 2PbO-|- HO, (Mitscherlich). 
Oxide of lead likewise crystallizes anhydrous, from solution, at 
the usual temperature, wheif water to combine with is denied 
to it, in the circumstances of its precipitation. This oxide dis- 
solves in above 12^,0(X) tim^s its weight of distilled water, whichu 
acquires thereby an Alkaline reaction ; but not in water contain- 
ing any saline matter. It is soluble iij pt)tash or soda ; and the 
solutions,* when evaporated, afford small crystals of an alkaline 
compound. A compoxfnd of lime and oxide of Jead is obtained in 
needles, when hydrate of lime and that oxide are heafod together, 
and the solution allowed te evaporate with exclusion of^air. This 
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solution has been etnployeH to dye the hair black* The oxide of 
lead cotobinea readily with the earths and metallic oxides by 
fusion* and when added to the materials of glass imparts bril- 
liancy to it and increased fusibility. 

Oxide of lead is a powerful base* resembling barytes and 
strontian* and aflfords a class of salts which often agree in form 
and in general properties with the salts of these earths. Its 
carbonate occurs m plumbocalcitey in the form of carbonate of 
lime ; an isomorphism by which the protoxide x>f lead is con- 
nected with the magnesian oxides. All its soluble salts are 
poisonous, although no salt of lead, with the exception of the 
carbonate, which is insoluble, is highly so (Dr, A. T. Thomson). 
Lead is precipitated by sulphuretted hydrogen, as a black sul- 
phu^et, even from acid solutions. Neutral salts of lead are also 
precipitated by ^solutions of carbonfites, chlorides, sulphates, 
phosphates, etc., the corresponding salts of lead being insoluble. 
Iodide of potassium and red chromate of potash produce yellow 
precipitates in salts of lead, which are highly characteristic of 
the metal. Iron and zinc throw down metallic lead. If a mass 
of zinc be suspended in a solution, made by dissolving one 
ounce of acetate of lead in two pounds of distilled water, the 
lead is precipitated in beautiful crystalline plates, whjch are 
deposited only in metallic contact with the izinc, but extend from* 
it to a considerable distance in the liquid, forming what is called 
the lead tree. 

Peromde of lead^ obtained in the same man- 

ner as the peroxides of cobalt and nickel, exposing the pro- 
toxide suspended in water to a stream of chlorine ; also by 
fusing protoiflde of lead with chlorate, of potash* at a tempera- 
ture short of redness; or by digesting the following intermediate 
oxide, minium, in diluted nitric acid, which dissolves protoxide 
of lead, decanting off the nitrate of lead, and washing the 
powder which remains with boiling yrater. Peroxide of lead is 
of a dark earthy brown colour. It loses half its oxygen by ig- 
nition, absorbs sulphurous acid with great avidity and becomes 
sulphate of lead, affords chlorine when digested in hydrochloric 
acid, and the nitrate of protoxide of lead with water, when 
digested in ammoma. 

Minium or Red lead is formed by heating massicot or pro- 
toxide of lead, which has not been fused, to incipient redness in 
a flat fuynace, of a particular construction, and directing a cur- 
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rent of air upon its surface. Oxygen is absorbed, and an oxi^ 
formed of a fine red colour, with a shade of yellow. It is rfbt 
constant in composition. The 4 )roportion of oxygen, when the 
^ absorption is least considerable, approaches that of a compound 
aPbO + PbO^, and such was the composition of a crystallized 
compound of a fine red colour, formed by accident in a minium , 
furnace, and analyzed by Houton-Labillardi^re. But when the 
absorption is favoured by time and most considerable, it ap- 
proaches, but never exceeds 24 per c»nt of the original weight 
of the protoxide, which gives a compound of 2 Pb 0 -i-Pb 02 ^ 
according to the observations of M. Dumas. The proportion of 
8 eq. of metal to 4 eq. of oxygen, which minium thus possesses, 
is a very common one, but generally due. to the combination of 
a protoxide with a peroxide, the latter containing 2 aton^f of 
metal and 3 atoms of ox^eii, as the peroxide of iron. Ber- 
zelius considers the composition of minilbm ¥o favour the exis- 
tence of such an oxide of lead Pb^^O^; minium would then bo 
represented as PbO-f Pb^ Og. The finest minium is obtained 
by calcining oxide of lead from the carbonate, at about 6*00®. 

Minium is not altered by being heated in a solution of ace- 
tate of lead, which is capable of dissolving free paotoxide of 
lead. When heated to redness it loses oxygen, ind the pro- 
•toxidc remains. It does not combine with ac^ds, but is resolved 
by a strong acid into peroxide of lead, and protoxide, the last 
combining with the acid. When minium is treated with con- 
centrated acetic acid, it first becomes w|)ite, then dissolves en- 
tirely in a new quantity of acid without colouring it. But the 
solution gradually decomposes, and peroxide of lead separates 
from it of a blackish brown colour, (Berzelius). • 

Protosulphurei o/leadfV\iS, is thrown down from salts of 
lead as a black precipitate, hf sulphuretted hydrogen, firhich is 
insoluble in diluted acids or in alkalies. It forms also the ore 
galena, which crystallizes in the cube and other forms of the 
regular system ; its density is 7*585. Sulphuret o^ lead is de- 
composed easily bjr nitric a^jid, and converted into nitrate and 
sulphate of lead, witll the separation of a little sulpliur. Con- 
centrated and boiling hyclrochloric aci(|| dissolves it, with disen- 
gagement of sulphuretted hydrogen gas. Gidena can be united 
by fusion with more Ifead, and gives the sub^ulphurets Pb^ S, 
and Pb^ S. When a solution of persulphurct of potassium is 
added to a salt of lead, a blood red precipitate appears^ which is 
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^ persulphuret of lead, but is almost immediately changed into 
the black protosulphuret of lead and free sulphur. 

Chloride of leady Pb Cl, k737*t5 or 139.2. — ^Lead dissolves 
slowly in hydrochloric acid, by substitution for hydrogen, form- 
ing the chloride of lead. » The same compound is obtained by 
digesting oxide of lead in hydrochloric acid, and also falls as 
a white precipitate, when a salt of lead is added to any soluble 
chloride. The chloride of lead is soluble in 135 times its weight 
of cold water, and more so in hpt water, from which it crystal- 
^lizes in cooling in long flattened acicular crystals, which, are an- 
hydrous. The chloride of lead is very fusible, and may be 
sublimed at a higher temperature. It combines in several pro- 
portions with oxide of lead. The dibasic chloride of lead, PbCl 
-f ^PbO, is a colourless crystalline mineral, found at Mendip in 
Somersetshire. . The tribasic chloride of leady PbCl-f3PbO + 
4 HO, is a white insdluble powder that falls when ammonia is 
added to a solution of chloride of lead. It contains 7 por cent of 
water (Berzelius). A surbasic chloride ofleady PbCl-f-7PbO, 
is produced on fusing by heat a mixture of 10 parts of pure 
oxide of lead, and 1 part of pure sal ammoniac, a portion of the 
lead being«.at the same time reduced. The surbasic chloride fused 
affords cubit crystals, on cooling slowly. It forms in that state 
a be^tiful yellow^ pigment, known as Turner’s yellow in this 
couiyy, and Cassel yellow in Germany. It was prepared 
in fflgland by digesting litharge with half its weight of com- 
mpwsalt, a portion of ^which is converted into caustic soda, and 
’^rwards washing and fusing the oxichloride formed. But it 
is sufficient to use I part of salt to 7 parts- of oxide of lead in 
this decomposition. 

Iodide ofleady Pbl, 2874 or 280.3. » ‘-Appears as a beautiful 
lemon yellow powder, when iodide of potassium is added to a 
salt of lead. It is soluble in 194 parts of boiling water, and in 
1235 parts ol water at the usual 'temperature, and may be ob- 
tained from solution in brilliant hexagonal scales of a golden 
yellow colour. A compound of a paler yellow, which appears 
in dilute solutions, and when the salt of lead is in excess, is a 
basic iodide. M. Defiot finds three basic iodides of lead, con- 
taining to 1 eq. of iodide of lead, I eq., ’2eq. and 5 eq. of oxide of 
lead, and always J eq* of water, which lasf they do not lose below 
a temperature of about 400®. 

Cyanide of leady Pb Cy, is a white itisoluble powder, obtained 
by precipitation. 
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Carbonate of leady Ceruse^ White U^d; PbOjCO^; 1670.9 gf 
133.89. — Occurs in nature well crystallized, in the form of car- 
bonate of barytes. It is precfpitated as a white powder, of 
which the grains although very minute are crystalline, when an 
alkaline carbonate is added to the. acetate or nitrate of lead. 
The precipitate is anhydrous. When oxide of lead left covered 
with water in an open vessel, it absorbs carbonic acid, and be- 
comes white, forming the subcarbonate^PbO, CO^ + PbO, HO, 

The carbonate of lead is inviluable as a white pigment from 
its great opacity, which gives it that property, called body by < 
painters, and enables it to cover well. As precipitated by an 
alkaline carbonate, it is deficient in body, owing to the transpa- 
rency of the crystalline grains composing the precipitate. It is 
also a neutral carbonate, as thus prepared, and differs in comJ)o- 
sition from the ceruse of commerce, whic^ Mulder finds always 
to contain hydrated oxide of lead ir^ combination witii the car- 
bonate of lead. The result of Mulder^s analyses of numerous 
specimens of white lead, is, that there are three varieties of that 
substance, the composition of which is expressed by the three 
following formulm : 

2{PbO,C02)4-PbO, HO; 

5(Pb0,C02) + 2(Pb0, HO) ; and 
3(Pb0,C02)-l-Pb0,H0. 

Mr. T. Richardson, who has also been engaged with a clie- 
mical examination of the varieties of white lead, finds all of 
them to contain a portion of oxide of lea*d, in addition to the 
carbonate, and so far confirms the conclusions of Mulder.* 

* The following are Mr, Richardson’s results, which he has communicated 
to me. The specimens were aU*dri«d at a temperature of about 300‘’*^r 24 
hours, previous to analysis. No. l,Va8 made by the French plan, (5y trans- 
mitting carbonic acid through 8ubac|tate of lead) ; No. 2 is Kremner wliite. 
No, 3, 4, 5, were made by causing^small pieces of lead to be agitated in a 
tub, into which carbonic acid was passed, as practised in London ; Nos. 5, 7, 
8, 9. 10, were made by the old " Dutch platt, but each of the specimens waj 
from a different manufacturer : • 

12*3 4 h 6 7 8 0 

Carbonic Acid. 13.70 15.83 13/0 13.08 18.^ 14.01 J3.71 13.00 12.00 l4.0/>. 

Protox. Lead. 80.00 83 40 65.00 85.98 80.46 84.g3 W.02 86.00 86,45 85 02. 

99.70 90.32 99.36 99.01 9^ 99.44 . 99.73# 100.08 iHl.44 90.97. 

While the neutral carbonate of lead consists in 100 parts gf 
Carbonic acid. • . . . 16.54 

Oxide of lead. . , . 83.46 

100.00 

• Q Q 
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^In bid ar Biitcli nibde of prep^nng whitb lead, which is 
still jpx^nsively practie^ed, thin sheets of the ipet^, are placed 
over gaUipots containing weak ‘acetic acid (woter with abopt 
2 | pjsr cent dry acid), themselves imbedded in. fiirmenting tan, 
of which the temperaturdvaries from 140® to 150®. The action 
is often very rapid, and the metid disappears in Ofew weeks to 
the centre of the sheet. In this process ftom two to two and 
a half tons of lead (4480 to 5600 pounds) are conveited into 
carbonate, by a quantity of viflegar which doei not contain more 
dhanthe small quantity of 50 pounds of dry acetic acid. Hence 
the metal is certainly neither oxidised nor carbonated in this 
process, at the expense of the acetic acid. The oxygen must 
be derived from the air, and the carbonic acid from the fer- 
menting tan. In the newer procqps, lithprge, without any pre- 
paration,. is mixed.with water and about 1 per cent of acetate of 
lead, and carbonic acid gas ^ sent over it; the oxide of lead is 
rapidly converted into excellent ceruse. There cwi be little 
doubt that all the oxide of lead is successively dissolved by the 
acetate, and presented to the carbonic acid as a soluble subace* 
tate ; a compound which, it is known, absorbs carbonic acid with 
the greatest^ avidity, and allows its excess of oxide to precipitate 
as carbonate of lead. The new process supplies likewise the 
theory of the old one, the function of the acetic acid being ma- 
nifestly the same in both processes. Nitrate of lead has been 
substituted for the acetate, with other things the same as in the 
last process. 

Sulphate of lead; PbO, SO 3 ; 1895.66 or 151.90.— This salt 
falls when sulphuric aetd or a soluble sulphate is added to a 
solution of acetate or nitrate of lead, .as a white dense insoluble 
preci|iitete, which appears by the micfoscope to be composed of 
minute crystals. Sulphate of lead contains in 100 parts, 26.44 
sulphuric acid and 73.56 oxide Of lead, and may be exposed to a 
red heat' without decompotition*. .;Mr. Richardson finds that 
this salt acquires considerable opacity,' and may be substituted 
for ceruse, when prepared in a mode analogous to the new 
process for that substance ; namdy by supplying sulphuric acid, 
in a gradual manner, twa thick mixture of litharge and water, 
containing a siinall proportion of acetate , of lead. The sulphate 
of lead may be obtained thus, hating any desirable excess of 
oxide of lead. 

Nitrate 0 / lead; P1>0, NOj ; 2071.58 or 165.99.— Is obtained 
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by dissolving litiiarge, at the boiling point, in slightly dilut^ 
nitric acid, which should ISe free from hydrochloric and sulplm- 
' ric acids. The neutral nitrate crystallizes in large octohedrons, 
wi th the secondary faces of the cube, which are sometimes trans- 
parent, although generally white and cpaque. The crystals are 
anhydrous; they are soluble in 74 times their weight of cold, 
and in much less hot water. The nitrate of lead is decomposed 
by an incipient red heat, yielding, with oxygen gas, the peroxide 
of nitrogen, which is prepared^ hj thia^ way, and leaving the yel- 
low oxide of lead. When a small quantity of ammonia is added 
to nitrate of lead, or when a dilute solution of the neutral salt 
is boiled with oxide of lead in fine powder, a soluble bibastic 
nitrate of lead formed PbO, NO^-f PbO. It crystallizes 
during evaporation in fine scales, or in little opaque grains, 
which are anhydrous*. The granular crystals .decrepitate when 
heated, with extraordinary force. Hriffdsic nitrate of lead 
precipitates, when ammonia is added in very slight excess to a 
solution of nitrate of lead. Its constituents are 2NO5, 6PbO 
and 3 HO (Berzelius). It is a white powder, which is soluble to 
a small extent in pure water. 'When nitrate of lead is digested 
mth a considerable excess of ammonia, the decompe^pition stops 
at the point at which G eq. of oxide of lead are edmbined with 
J eq. of nitric acid. The aexboAc nitrate^ of lead cunttiins 
2NO5, 12PfiO and 3HO, (Berzelius). 

Nitrites of lead, — ^When a solution of 100 parts of nitrate 
of lead is boiled with 78 parts of metallic lead in thin turnings, 
the lead is dissolved, and a little nitric oxide is evolved, tlie 
last being the result of a partial decomposition of nitrous acid 
previously formed. The solution is alkaline and yellow ; and 
gives, on cooling, brilliaHt <;rystalline plates of a golden, yellow 
colour, which are Ubasie nitrite of lead, 2Pb0-|-N03. By 
dissolving 100 parts of this s^t in water at 167*’ (75® cent.), and 
then mixing with the solution 35 parts of oil of vitriol, pre- 
viously diluted with four Times its weight of water, one half of 
the oxide of lead iS precipi^ted aS sulphate of lead, and a solu- 
tion is obtained of a fleep yellow colour, from which the neutral 
0/ /corf, Pb0,N03-i- HQ, crystaHizes. This salt gives 
yellow crystals, resembling the nitrate in, form. Its solution 
absorbs oxygen from the air, and like all the^nitrites, gives off 
nitric oxide at 176® (80® cent.), and a subnitrate of tead precipi- 
tates. Berzelius, to whom we are indel)ted for the preceding 

Q a ST 
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^cts, also formed a qmdribasic nitrite of lead, containing 
PWJa, 4PbO and HO. ^ 

Acetate of lead, PbO, (C4H3P3) + 3HO.---Tbis salt is met, 
with well crystallized, and in a state of great purity in commerce. 
It is generally prepared by dissolving litharge in the acetic acid 
^ procured by the distillation of wood. It crystallizes in flat- 
tened four sided prisms, has a taste which is first sweet and 
then astringent, is very soluble in water, 100 parts of water dis- 
solving 59 of the salt at 6*0®, and soluble in 8 parts of alcohol. 
It.effloresces in air, and is apt to be decomposed in part by the 
carbonic acid of the air, and thus to become partially insoluble. 
It loses the whole of its water when dried at the usual tempera- 
ture ill vacuo. M. Payen crystallized the anhydrous acetate, 
from solution in absolute alcohol. 

"fnbasic subacetate of lead, PbO, (C4 Oa)^- 2Pb O, is 

formed by digesting oxide of lead in ‘'a solution of the neutral 
salt, till it is strongly alkaline. This salt does not. crystallize 
when so prepared, but may be dried, and then contains no 
water. It is very soluble, but must be dissolved in distilled 
water, as the carbonic, hydrochloric and other acids, in well 
water, precipitate its oxide of lead. M. Payen has observed 
that the tribasic subacetate crystallizes readily, in fine prismatic 
needles, when formed by adding ammonia to a moderately 
strong solution of the neutral acetate. The crystals contain 
1 eq. of water, which they lose at 212®. The acetate of ammo- 
nia formed at the same time, appears to give stability to the 
subacetate of lead in'’ solution, and prevents an excess of a 
wlrole equivalent of ammonia from throwing down any oxide 
of lead from f the solution. This ammoniacal solution of the 
subacute of lead, prepared without a^f excess of ammonia, is a 
convenient form in which to apply tliat salt as a reagent.* 

Sesquihasic acetate of lead, 3PbO, 2(C4 Hg 03) + HO. — 
Was obtained by Payen by adding 3 eq. of the neutral acetate, 
to a concentrated and boiling solutito of I eq. of the tribasic 
nitrate. It is also produced when the neutral and anhydrous 
acetate of lead is heated in a retort or porcelain capsule, till the 
whole, after being liquid, becomes a ’white and porous mass. 
The sesquibasic acetate ii then formed by the decomposition of 
H atoms of neutral acetate of lead, from which there separate 

* Memoire »ur Ics Acetates et le Protoxide de Plomb, par M. Payen, An. 

(ie Chim. et de Phys. t. u6, p. 37^ 
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the elements of 1 atom of acetic acid, in the form of carboiffc 
acid and acetone, (Matteucci, Wdhler). This basic salt is very 
soluble, and crystallizes in plates of a pearly lustre. 

K sewbasic acetate of lead f Hg O3), is formed on 

dropping a solution of the neutral, or of tribasic acetate of lead, 
^into ammonia in excess. It is a white precipitate, wliicli ex- 
amined by the microscope, has a crystalline asflect. It con- 
t?uns a little water, which it loses whenf. dried in vacuo. 

Alloys of lead , — Lead and tin may be fused together in jjiU 
proportions. M. Rudberg finds that these metals combine ir? 
certain definite proportions having fixed points of congela- 
tion : 

ALLOYS OF LEAD AND TIN. 

1 atom of lead and 3 Jjtoms of tin, congeal at 

1 atom of lead and 1 atom of tin, at *404'’. • 

2 atoms of lead and I atom oflin, at 518'^ 

3 atoms of lead and I atom of tin, at 536®. 

A thermometer placed in a fluid alloy of 1 atom of lead and 
2 atoms of tin, becomes stationary when the temperature falls 
to 392®, a portion solidifies, and a more fusible alloy •separates ; 
the temperature again falls, and afterwards becom(ft stationary 
at 368.6®, the crystallizing point of the alli^y composed of I 
atom of lead, and 3 atoms of tin. If the alloy contains so much 
tin that its point of complete congelation is under 368®.6, the 
last compound always separates from it, ^at that point, and the 
thermometer remains stationary for a time, whatever may be 
the proportion of the metals in the alloy.* Fine solder is an 
alloy of 2 parts of tin and 1 of lead ; it fuses at ab(fut 360®, and 
is much employed in tinning copper. Coarse solder contains 
one fourth of tin, and fuses about 500® ; it is the substaftce em- 
ployed for soldering by plumbers. 

Lead, as reduced from the iftitive sulphuitt, always contains a 
little silver. The latter is separated by allowing two or three 
tons of the melted hietal to 4300I slowly in a hemispherical iron 
pot; when the lead, &s it solidifies, separates in crystals, which 
can be raked out. The ^silver remains Almost wholly in the 
more fusible portion, dr what may be looked upon as the 
mother-liquor of these* crystals; so that by tjiis operation the 
argentiferous alloy is greatly concentrated. This* mode of 

• Rudberg, An. de Chim. et de Phys, t. 48, p. 363, 
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^aratibn was discovered by Mr. Pattenson of Newca^ie. To 
separatetbe reinaining lead, much of it is converted into massicot, 
by the action of air upon its surface, in the shallow furnace used 
for that preparation; add the last portions of lead are removed 
by continuing tbe oxidation upon a porous bason of cupdoi 
bone>eartli, which imbibes the fused oxide of lead, while the_ 
ttielted silver 'is found in a state of purity upon the surface of 
the cupel, hot being oxidable at a high temperature. 

SECTION xr. 

BISMUTH. 

^ E^. 886.9or71.p75Bi. 

Bismuth generally occursdn the metallic state, and is sepa- 
rated from the gangue or accompanying rock by fusion. It may 
be prepared in a state of purity, for chemical purposes, by re- 
ducing, with charcoal, the oxide of bismuth obtained by igniting 
the subnitfate. 

Bismuth vs a white metal of a reddish shade, and highly cry- 
stallizable. Its density is 9.53, which may be increased by 
cautious hammering to 9.8827. It is more fusible than lead, 
melting at 497% according to Crichton, and at 507% according 
to Rudberg. This metal, like water, expands considerably in 
crystallizing. It is vdlatile at a full red heat, and burns in air 
at a high temperature vnth a pale blue flame, and the formation 
of copious fumes of oxide of bismutii. This metal does not ox- 
idate.inair ; it dissolves with difficulty in boiling hydrochloric 
or diluted sulphuric acid, by substitution for hydrogen, but is 
readily oxidised and dissolved by^ nitric acid. Bismuth resem- 
bles several of the magnesian metals, in forming, besides a pro- 
toxide, a suboxide of which the oonf^osition is uidoiown, and a 
peroxide Bi Oj, which does not combine witii adds. 

Suboxide of bittmth is formed wfien the subnitrate is digested 
in a solution of protochloride of tin,* and appears as a black 
powder, whiclj is spluble' with heat in It^rochloric add, (Vogel). 
When bismuth is oxidated and fused with metaphosphate of 
soda upon' charcoal, by the blow pipe, and the bead afterwards 
held in the redudng flame, a colourless glass is obtained, which 
assumeii a black colour on cooling. This ui analogous to what 
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happens with suboxide of copper, and appears to indicate that 
suboxide of bismuth forms salts, at least in the dry way. 

Protfmde of bismuthy BiO; 986.9 or 79*07 ; BiO. — Is ob- 
tained by the combustion of bismuth, as a straw yellow powder, 
or by the ignition of the subnitrate. The density of the fused 
oxide is 8.21 1. It combines with aculs, and forms white salts. 

Sulphwret of bismith, BiS, occurs crystallized, and has, 
according to Mr. W. Phillips, a form similar to sulphuret of 
antimony. Hence M. Regnault is disposed to class bismuth 
with antimony, (An. de Ch. &c! t. 73, p. 70.) The eq. of bis- 
muth would then be multiplied by 3, or made 2660.7? and tfi# 
protoxide be represented by Bi O3. Its density is 7-501. The 
sulphuret is dissolved by the metal in all proportions, by fusion, 
I)ut separates again when tlie latter congeals (Lagerhjelm*). 

Chloride of bismuth^ and sulphate of the oonde of bismuthy^oxa 
formed, by dissolving oxide of bismuth in concentrated hydro- 
chloric and sulphuric acids. They# both aiford subsalts, when 
decomposed by water, namely BiCl+2BiO + HO (Phillips,) 
and aBiO + SOg (Berzelius). The former is known as pearl 
white. An insoluble subcarbonate of bismuth on 

throwing the nitrate into the solution of an alkaline carbonate, 
which is used in medicine ; also a crystalline tartrate of bismuthy 
on adding the nitrate to a solution of Rochelle salt. 

Nitrate of bismuth \BiOy N05 4-3HO; 16T>4 +337*5 or 133. 
33+27.— This salt is produced when bismuth in powder is 
thrown into nitric acid, of density 1.42; the action is very 
violent. Crystals are formed on cooling} which correspond in 
composition with the magnesian nitrates. This salt is decom- 
posed by heat in the same way as the nitrate of cogper, but at a 
lower temperature, beginning to lose acid in dry air at 80‘*. 
Three atoms of the hydiUited salt are resolved by* heat 
into 2 atoms of hydrat^ nitrate of water (acid of sp. gr. 
1.42), and I atom of subnitrat^ of bismuth : 3(BiO, NO5 + 3HO) 
==2(HO, NO5 + 3HO), arid HO, NO5 + 3BiO. The neutral 

nitrate, and all the«soluble salts of bismuth are decomposed by 
water, which combines witli the acid and throws down the* 
oxide, generally in ooixibination with a, portion of the acid. 
Oxide of bismuth must} therefore, be •considered as inferior to 
water, in basic power.# The nitiate of bismuth is highly corro- 
sive; it is precipitated as a black sulphuret b/sulplmretted hy- 
drogen. 
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Subnitrate of bismuth^ HO, NO^ + sBiO, .mentioned above, 
.^ 5 j)roduced at a temperature so low as 1 80% and may be ^exposed 
to a teraperatpre of 500** without decomposition. At a higher 
temperature its acid and water *go off together. It is the only 
subnitrate of bismuth ever produced, in the decomposition of 
the neutral nitrate by hfet. When crystals of the neutral ni- 
trate are decomposed by 24 times their weight of water, they 
give, according to M. Duflos, a hydrated subnitrate containing 
NOg, 4Bi () and 3 HO. This subnitrate, which is used in phar- 
macy and kndwn as the maghtmj of bismuth^ is a brilliant 
fwhite powder of pearly lustre, composed of microscopic crystal- 
line grains ; Which is light after being dried, like magnesia alba. 
When prepared by pouring the solution of the neutral nitrate, 
drop by drop, into a 'large quantity of water, the composition 
of Che subnitrate is ^ 3 Bi 0 ^-N 05 , according to Mr. Phillips. 
7^he subnitrate ofrbisnpiutli is employed as a cosmetic; it is also 
used as an internal remedy. , 

Peroxide of hismiith^ Bi O 25 was formed by Stromeyer by 
boiling anhydrous protoxide of bismuth finely levigated, with 
chloride of soda. It is a dark brown anhydrous powder, which 
gives chlorine with hydrochloric acid, but is not reduced to the 
state of prbl;pxide by sulphurous acid. 

The alloys of bismuth are remarkable for their fusibility. The 
nvnalgam of this nVetal is highly liquid. An alloy of 8 parts bis- 
muth, 5 lead and 3 tin melts at 202**; another mixture of 2 bis- 
muth, 1 lead and I tin at 200‘\7^5 these mixtures are known as 
fusible metal. Bismuth is also added to the alloy of tin and 
lead used for casting stereotype plates. Besides increased fusi- 
bility, bismuth communicates to this alloy the property of ex- 
panding on becoming solid, by which dt is calculated to take an 
accuratq impression. 
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ORDER V. 

OTHER METALS PROPER HAVING ISOMORPHOUS RELATIONS WITH 
THE MAGNESIAN FAMILY. 

section’ I. 

TJIIj. 

Eq. 7*^5,3 or 58.J)2 ; Sr {stannum). 

Tin does not occur native, but its common ore is reduced 
by a simple process, and mankind appear to have been in pos- 
session of this metal from the earliest ages. The most j^rqfluc- 
ttve mines of tin are those^ of Cornwall, from wiiich the ancients 
appear to have derived their principal supply of this metal, ^ 
and those of the peninsula of Malacca and island of Banca in 
India. 

The only important ore of tin is the peroxide, which is found 
in Cornwall, both in veins traversing the primary rocks, and in 
alluvial deposits in their neighbourhood. In the latter case the 
ore presents itself in rounded grains of greater* or less size, 
which form together a bed covered by clay a^^ gravel. The ore 
has evidently been removed from its original situation, and the 
grains rounded by the action of water, which lias at the same 
time divested it of the other metallic orgs with which it is ac- 
companied in the vein; these being softer are more easily re- 
duced to powder, and have been carried away by the stream. 
This ore, called stream tiny is easily reduced by caal, and gives 
the purest tin. The metail from the ore of the veins, is •conta- 
minated with iron, copper, ai^enic and antimony, from* which a 
portion of it is partially purified by liquation. Bars of the im- 
pure metal are exposed to^a moderate heat, by which the pure 
tin is first melted, and separates from a less fusibte alloy, con- 
taining the foreign* metals. , The purer portion is called grain^ 
tkiy and the other orSinary tin or block tin. The mass of grain 
tin is heated till it becomes brittle, and* then let fall from a 
height. By this it splife into irregular prisms, somewhat re- 
sembling basaltic col&mns. This splitting i§^a mark of the 
purity of the tin, for it does not happen when the* tin is im- 
pure. 
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t Pare tin is silver white, very soft, and so malleable, that it 
miry be beaten into thin leaves, tinfoil not feeing more than 
l-lOQOdtli of an inch in thickness. When a bar of tin is bent, 
it emits a grating sound, which is characteristic 5 and when 
bent backwards and forw^ards rapidly, several times in succes- 
, sion, becomes so hot that it cannot be held in the hand. At 
the temperature of boiling water, tin can be drawn out into 
wire, which is very soft and flexible, but deficient in tenacity. 
The density of pure tin is •7*28^, pr 7.293 after being laminated ; 
^at of the tin of commerce is said to vary from 7*56 to JS. 
Its point of fusion is 442®, both by Crichton and Rudberg; 
445®.6 by KupfFer. Tin is volatile at a very high temperature. 
The brilliancy of the surface of tin is but slowly impaired by 
exposure to air, and even in water it is scarcely acted upon. 
Hence the great yalue of this metal for culinary vessels, and foir 
covering the more^oxidable metals, ^ such as iron and copper, 
when employed as such. Of tin three oxides are known, the 
protoxide Sn O, deutoxide O 3 , and peroxide Sn Og. 

Protoxide of tin^ Stannous oxide •, SnO, 835.3 or 06,92. Tin 
dissolves in undiluted hydrochloric acid, at the boiling tempe- 
rature, by ^substitution for hydrogen, and forms the protochlo- 
ride of tin. * From this the protoxide is precipitated by an 
alkaline carbonate,^ as a white hydrate, which may be washed 
with tepid water and dried at a temperature not exceeding 176®. 
It does not contain a trace of carbonic acid. This white pow- 
der dried more strongly, in a retort filled with carbonic acid, 
and heated to redness^ gives the anhydrous oxide, as a black 
powder, «of which the density is 6.666. In this state the oxide 
is permanent,* but if a body at a red heat is brought in contact 
with it in open air, it takes fire ^drbums, and is converted 
entirely Into peroxide. The protoxide of tin dissolves in acids, 
and with more facility when hydr;ated than after being ignited. 
This oxide is also dissolved by potash and soda, but the solu- 
tion after a time undergoes decomposition ; metallic tin is de- 
, posited and the peroxide is found iii solutioit. The solution of 
a stannous salt, atid of a stannic salt also, is apt to undergo 
decomposition, when l^^ely diluted with water, and to deposit 
a subsalt. The stannous salts absorb oxygen froth Uie air, and 
have a great affinijty for that element; they convert the peroxide 
of iron info protoxide, and throw down mercury, silver and 
platinum in the metallic state from their solutions. The chlo- 
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ride of gold produces a purple precipitate in a stannous 
consisting, it is believed, of the:deutoxide of tin in combinafton 
with protoxide of gold, u test by which the protoxide of tin may 
always be distinguished. The same oxide is precipitated as a 
black sulphuret, by sulphuretted hydif^gen, even from acid solu- 
tions. 

Protochloride oftin^ Salt of tin; Sii CI+3HO ; 1178+337.5 
or 94.39 + 27.— This salt may be obtained in the anhydrous 
state by raising the temperature Of a inixture of equal weights of 
calomel and tin in a gradual manner, and finally distilling 
protochloride by a strong red heat. The fused mass on cooling 
is a grey solid, of considerable lustre, and having a vitreous 
fracture. The hydrated chloride, knowir in commerce as salt 
of tin, is procured by# evaporating the solution of tin in concen- 
trated hydrochloric acid te the point of ci^stallization. It is 
thus obtained in needles or in ^larger four sided prismatif^ 
crystals, which contain three atoms of water. Tlie salt parts 
with the greater portion, if not the whole of this -water at 212% 
but if distilled at a higher temperature, loses hydrochloric acid 
also, and an oxichloride of tin remains. It dissolves completely 
in a small quantity of water; but when treated with a^arge quan- 
tit 3 % the salt is partly decomposed, hydrochloric acid is dis- 
solved, and a light milk-wdiite powder separates, which is a 
basic chloride, or oxichloride, Sn Cl+Sn 0+2HO. Both the 
crystals and the solution absorb oxygen from the air, and then 
a basic salt of the peroxide is formed which is also insoluble in 
water. From both these causes, a complete and clear solution 
of the salt of tin is rarely obtained, unless the water be previously 
acidulated with hydrochloric acid. This salt is efitirely soluble 
in caustic alkali, but the solution is liable to an ulterior Miange 
already mentioned. Ihe protochloride of tin is not only used 
in calico printing as a mordant, but also as a deoxidising agent, 
particularly to deoxidise indigo, and to reduce to a lower state 
of oxidation and discharge the peroxides of iron and manganese 
fixed upon cloth. , • 

Protochloride of tin. and potassium j SnCl + KCl, and 
Sn Cl + K CS+3HO.— The protochloridc of tin forms a double 
saitvrith chloride of pptassium, and also with chloride of ammo- 
nium, which c^J^stallize in the anhydrous condition, and also 
with three atoms of water. 

The anhydrous protochloride of tin fused in ammomacal gas. 
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^sorbs half an equivalent of that gas, accorditig to PeTsoz, 
foJtning 2Sn Cl-fNHg, or probably a double salt like the pre- 
ceding salt of ammonium, that fe, Sn Cl + CNHj Sn), CL 
Proiiodicle oftin^ Sn I, is formed by heating a mixture of 
granulated tin and iodine.’ It was found by Boullay, jun., 
to form doiible salts with other iodides, particularly with the 
iodides of the alkaline and earthy metals, in which two atoms 
of the stannous iodide are combined with one of the other 
iodide, ' « r " 

^Carbonate of tin, — Carbonic acid does not combine with 
cither of the oxides of tin. 

Protosulphate of tiriy Sn O, SO3. — ^Tin dissolves in sulphuric 
acid concentrated or a little diluted, and affords a saline mass, 
whkdi forms a brown solution in water apd deposits small cry- 
stalline needle!^ on cooling. » 

Protonitrate of tin^ Sn O, NO5, is obtained by dissolving 
protoxide of tin in nitric acid ; the solution cannot be concen- 
trated and is easily altered. 

Tartrate of potash and tm^ KO. Sn 0 + (Cg Ojq). — B itar- 

trate of potash dissolves protoxide of tin, and forms a very so- 
luble salt Of potash and tin, which, like most of the tartrates, 
is neither precipitated by caustic alkalies, nor by alkaline car- 
bonates. An addition of bitartrate of potash is occasionally 
made to the solution of tin used in dyeing. 

J>eutox%de of or 141.88. — Was obtained 

by M. Fuchs, by difiuqing recently precipitated peroxide of iron 
in a solution of protochloride of tin, containing no excess of 
acid, and afterwards boiling the mixture. A double decompo- 
sition occurs,* in which the deutoxid^; of tin precipitates, and 
protoehloride of iron is retained in soliition ; 

2Sn Cl and Fcj O3 = Sua O3 and 2Fe Gl. 

* 

The deutoxide thus obtained is a slimy grey matter, and usually 
•^yellow from adhering oxide of iren* Ammonia dissolves it 
easily, and without a residue, which jdistinguishes this oxide 
from the protqxide of tin, the latter bemg insoluble, or almost 
so, in that menstiMum. The deutoxide of tin is dissolved by 
concentrated hydrdchloric acid ; the taste of the solution is not 
metallic. It is distinguished from a salt of the peroxide of tin, 
by producing the purple precipitate with chloride of gold. A 
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sesquisulphiiret exists, corresponding with this oxide. 
salts of the dentoxide of tin have not been examined. 

Peroxide oftin^ Stannic oxid^^ Sn O^, 935.3 or 74.92.— This 
constitutes the common ore of tin, which is generally crystal- 
lized. The crystals of tin Hone are sometimes brownish yellow 
and translucent, at other times dark brown and almost black, 
and contain small quantities of protoxides of iron and manga- 
nese. Their primitive form is an obtuse octohedron of a 
square base ; their density from t6t92 t6 6.96. The peroxide of 
tin in this state does not dissolve in acids, unless previousty< 
ignited with an alkali. Tin is converted into a white powder, 
which is a hydrated peroxide, by nitric acid ; and the acid acts 
with most violence, when not of its highest degree of concen- 
tration. This oxide, after being well washed and dried, contains 
11 per cent of water ; it reddens litmus paper.* ’Alter ignition 
it assumes a pale yellow colour, and is equally insoluble, by the 
humid way, as tlie natural oxide. 

To prepare the hydrated peroxide of tin, a solution of the 
bichloride of tin should be precipitated cold, by an alkaline car- 
bonate, and washed with cold water. It forms a white and 
bulky gelatinous precipitate, which when collected on a filter has 
a certajp degree of transparency. In this condition* the perox- 
ide of tin is readily dissolved by hydrochloric acid, whether 
concentrated or in a diluted state. Dried in vacuo at the usual 
temperature, it forms hard translucent masses, resembling gum 
Arabic, which contain not more than I eq^^of water ; and is not 
changed in properties by the desiccation. If this hydrated oxide 
be digested in boiling water and collected again on a filter, it is 
found, without much change in appearance, to be materially 
altered in properties. The boiled oxide does not dissolve in 
undiluted hydrochloric acid, bht forms with a small portion of 
it (about 14 per cent) a salt kisoluble in an excess of acid. 
When the excess of acid is decafited, the residue then dissolves in 
pure water ; but it precipitates from the solution when hydro- 
chloric acid is addea. If the aqueous solution is boiled, the , 
oxide precipitates 5 anS if the liquor is concentrated, it coa- 
gulates like albumen. Thlere can be little Soubt that the pecu- 
liarities of the boiled oxiSe are connected witJi an alteration in 
its state of hydratioD. l*eroxide of tin, prepared, by the action 
of nitric acid on tin, acquires the same properties, it is to be 
presumed, from its being exposed to a high temperaturg in its 
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The existence of two varieties c^f the peroxide of 
tin we® observed by Berzelius so early as 181 1, and is the first 
recorded instance of isomerism. • 

Hydrochloric acid is capable of dissolving a great excess of 
hydrated peroxide of tiw^ at least two or three equivalents, 
llie peroxide of tin is also soluble in alkalies ; and having in re- 
gard to them the powers of a feeble acid, it is sometimes called 
stannic acid. A very dilute solution of potash boiled with the 
peroxide of tin, forms a kolutiov. in which 1 part of potash may 
contain ,16 parts of peroxide of tin. Peroxide of tin is employed 
in the preparation of the white glass, known as enamel ; and the 
ignited and finely levigsted oxide forms jeweller's putty, which 
is used in polishing hard objects. The hydrated oxide resem- 
bl©? alumina in forming insoluble compounds with the organic 
colouring matters,^ and hence its s^lts are much prized as mor- 
dants. 

Bisulphuret of tin^ Snl^^, is precipitated from persalts of 
tin, of a dull yellow colour, by sulphuretted* hydrogen gas. 
Prepared in the dry way, by igniting a mixture of j^eroxide of 
tin, sulphur and sal ammoniac in a covered crucible, it forms 
the aumvH mmivum or mosaic gold of the alchemists. In this 
operation tlie sal ammoniac is indispensalde, although i^ seems 
to serve no othen purpose than to prevent the elevation of tem- 
perature which results from the sulphuration. Mosaic gold, 
when well prepared, has the yellow colour of gold, and consists 
of brilliant translucent scales, which are soft to the touch. No 
add dissolves it, except aqua regia. It is decomposed by dry 
chlorine, and the compound formed, Sn Cla+S Cl^ (page 
379)v 

Bfct^oride of tiuj Permuriate *of^ tiUy Sn Clg ; 1620.6 or 
129.86.~The anhydrous bichlorideof tin, known as the fuming 
liquor of Libavius, is procured by distilling, at a gentle heat, 
a mixture of 4 parts ofcorrosivfe gublimate with I part of tin 
in filings; or tin amalgamated with a little mercuiy and then 
reduced to powder. A colourless, highly limpid liquid is 
found in the condenser, which fumes strongly in humid air. 
The bichloride boils at 248®; the density of its vapour, observed 
by Dumas, is 9.T997* It forms ^ solid salim with one 
third of its wei^t of water, and dissolveV in a larger quantity of 
water. by conducrinjg a 

ilnteam iof Chlorine gas into a strong solution of the protochlo^ 
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ride of tin, till the latter is saturated, which is shewn by ^ 
dpition ceasing to precipitate mercury from a solution of cor- 
i®ive sublimate. A solution 6f this salt, extensively used in 
dyeing, and known as the nitro-muriate of tin, is generally pre- 
pared by oxidising crystallized protoOhloride of tin by nitric 
acid ; or by dissolving tin in a mixture of hydrochloric and 
nitric acids, avoiding any considerable elevation of tempera- 
ture. 

Bichloride of tin and ammonia^ 6n Ci2+NH3 or (NH3 Sn)Cl2. 
Anhydrous bichloride of tin absorbs ammoniacal gas, and^ 
forms a white powder, which may be sublimed without decom- 
position; after sublimation it is entirely soluble in water (Rose). 

Bichloride of tin^ and phosphuretted hydrogen, 3Sn Clg + PHa. 
These two bodies unit;^ without the production of hydrochteric 
acid; tl^e compound is solid (Rose). o - 

Bichloride of tin and potassium, Sn CI2 + K Cl. — The solution,^ 
of bichloride of tin, when mixed with an equivalent quantity of 
chloride of potassium and evaporated, yields this double salt in 
regular octohedrons of a vitreous lustre, which are anhydrous. 

A sulphate mA nitrate of peroxide of tin, have been crystal- 
lized ; this base forms no carbonate. ^ ' 

Both the sulphuret and bisulphuret of tin act as sulphur 
acids, combining with alkaline sulphurets. The bisulphuret of 
tin dissolves with, digestion in sulphuret of sodium, and 
the concentrated solution yields fine crystals of the salt, 
2NaS-fSn S2+I2HO. The bisulphuret of tin is found 
combined with the subsulphurets of copper and iron, forming 
tin pyrites, a rare mineral, 2Fe2 S, Sn S2 4- 2CU2 S, Sn Sg. 

Alloys of /m.— Tin alloyed with small quantities of antimony, 
copper, and bismuth, fon&s ’‘the best kind of pewter,^ which 
possesses the peculiar whiteness of that metal. The most 
fusible compound of tin and^ bismuth, is that of an atom of 
each metal, Bi Sn ; it melt? at 289.4® (Rudberg). When the 
metals are mixed in other ratios, a portion first congeals at a 
higher temperature, separatmg from the compound mentioned, ' 
which remains liquid ^ilf the temperatur^ falls to 289.4"^. Al- 
though tin precipitates popper firom its solutions in acids, yet 
it is possible to precipitate tin upon copper/ and to cover the 
latter with tin, as is proved by the tinning of pins. Tin is dis- 
solved in a mixture of one part 0# bitartrate of potash, two of 
alum, two of common salt and a certain quantity of water, and 
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IS^^pins introduced at the boiling temperature. The pins un* 
dergo no change in this liquor, supposing it to contain no^|fe; 
dissolved tin, but the momenta fragment of tin touches lil 
pins, all those in contact with each other are tinned. 


SE'CTION II. 

Tll'ANIUM. 

Eq. 30S.7 or 24.33 5 Ti. 

This metal was discovered in 1791? by Mr. Gregor of Corn- 
waK, and afterwards by Klaproth who gave it the name tita- 
nium. In the* forpi of titanic acid it constitutes several mine- 
4 irals, as rutile, anatase, ragnachanite, etc ; and as titanate of 
protoxide of iron, ilmenite and other species. 

Titanic acid, mixed with one-sixth of its weight of charcoal 
powder, may be reduced by the most intense heat of a wind 
furnace, which does not, however, fuse the titanium. It is 
frequently found in small cubic crystals of a bright copper 
colour, on the slag which adheres to the lower part of the iron 
smelting furnaces.'- The iron and foreign matter of the slag may 
be removed by digestion in acids, and the crystals obtained in 
a separate state. Their density is 5.3 5 they are harder than 
quartz. Titanium is not dissolved by any acid, except a mix- 
ture of nitric and hydrofluoric acids. It is slowly oxidated in 
fused nitre. Titanium combines in two proportions with oxy- 
gen, forming^ titanic oxide TiO, and titanic acid Tid 2 . 

0£idf of titanium^ TiO, 403.7®or‘' 32.33. — Is formed when 
titanic acid is exposed in a charcoal crucible, to the highest 
temperature of a wind furnace. Where the acid was in contact 
with the charcoal, a thin coating cof red metallic titanium is 
formed, but within, it is changed into a black mass, which is 
insoluble in all acids, and not otherwise affected by them, is 
oxidated with difficult when heated in contact with air, or By 
fusion with nitre. The oxide of titanium is also obtained by 
the moist way, in* the form of a deep purple powder, when a 
fragment gf zirKfor iron is introduced into a solution of titanic 
acid in hydroqhloric acid, but alters so quickly by absorption of 
oxygen , 0 that an opportunity has not been obtained of studying 
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its properties. The composition assigned to it above is, thereforef 
hypothetical. 

Titanic add, TiOj, 503.? o% 40.33. — In the mineral rutiJe, 
titanic acid is crystallized in the form of tin stone ; the link by 
which tin is connected with titaniuyi. Again ilmenitc and 
other varieties of titanate of iron, FeO, TiO^, are isomorphous 
with peroxide of iron, (page 146) ; and^thus tin comes to be con- 
nected through titanium with the last order of metals. But ti- 
tanic acid is dimorphous, and crj^tallizes, in anatase, in an un- 
connected form. Titanic acid is procured more easily from the^ 
titanate of iron, reduced to powder and levigated, which is fused 
with sulphur. The sulphur has no action upon the titanic acid, 
but converts the protoxide of iron into, a sulphuret of iroii, 
which is dissolved by hydrochloric acid. If iron is still retained 
by the titanic acid, the latter is heated in a stfoain of sulpliu- 
retted hydrogen gas, by which every partidTe of iron is con - 
verted into sulphuret, and theif removed by hydrochloric 
acid. 

Titanic acid is a white powder, which acquires a yellow tint 
by a high temperature ; it is infusible and insoluble in water. 
Titanic acid is considerably analogous in properties to silica; 
like that acid it has a soluble modification, formed •by igniting 
titanic acid with an alkaline carbonate, which is soluble in dilute 
hydrochloric acid. The acid solution of titanic acid gives an 
orange-red precipitate^ with an infusion of gall-nuts, which is 
characteristic of titanic acid. On neutralising the acid solution 
with ammonia, the soluble modification of titanic acid is thrown 
down as a white gelatinous precipitate. When this precipitate 
is dried and heated, it glows, and the titanic acid is no longer 
soluble in acids. When a solution of bichloride of titaniujgn, or 
of the sulphate of titanic acidnn water, is boiled for sorafe time, 
titanic acid precipitates in the ipsoluble modification. 

Bisulphuret of titanium, Ti Sj, was discovered by Rose, who 
formed it by passing the vapour of the bisulphuret of carbon 
ovet titanic acid, inf a porcelain tube maintained at a bright red 
heat. 

Bichloride of titaniumfTi Cl^, was formed by Mr. George of 
Leeds, by transmitting /Chlorine over metalliq titanium at a red 
heat. It is a transparent colourless liquid, resembling bichlo- 
ride of tin, and boiling a little above 212®. Tfie derfsity of its 
vapour is 6.615 (Dumas). Bichloride of titanium combines with 
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*^nimoma 9 and forms a" white saline mass, TiGlj+SNHg, 
Mtetallic titanium is most easily obtained by heating tliis com- 
pound to redness. Bichloride o£ titanium also absorbs phosphu- 
retted hydrogen, and forms a dry brown powder. From this 
compound when heated, , a lemon yellow sublimate rises, which 
Rose found to contain 3 atoms of bichloride of titanium, com- 
bined with 1 atom of a compound of phosphuretted hydrogen 
and hydrochloric acid, analogous to sal ammoniac, but which 
could not be isolated. ^Bichloride of titanium forms double 
^salts with the alkaline chlorides, which are colourless and capa- 
ble of crystallizing. 

A. volatile bifluoride of titanium^ Ti Fg, was obtained, by Un- 
verdorben, by distilling titanic acid in a platinum apparatus 
wi^h fluor spar in powder, and fuming sulphuric acid. 

A definite sulphate of titanic acidy Ti 02 -fS 0 .j, is obtained 
by dissolving titanic tlcid in sulphuric acid, and evaporating to 
dryness by a heat under redness. 


SECTION III. 

CHROMIUM. 

Eq. 351.8 or 28.19; Cr. 

This metal, so remarkable for the variety and beauty of its 
coloured preparations, was discovered by Vauquelin in 1797 y 
in the red mineral now known as chromate of lead. It has since 
been found tin other minerals, more particularly chrome iron 
(FeO-f Crg O 3 ), a mineral which ipany countries possess in con- 
siderable quantity. It is from this ore that the compounds of 
chromium, used in the arts, ar^e actually derived. The metal 
may be procured by the reduction of its oxide, in the usual way, 
but with the same difficulty as manganese. Chromium is a 
greyish white metal, of density 5.9, fosible with the greatest 
difficulty, and not magnetic. It does no^ undergo oxidation in 
the air ; it dissolves «in hydrofluoric acid with evolution of hy- 
drogen. Chromipm is sJso obtained a brown powder, when 
sesqui- chloride ^of chromium is heated in ammoniacal gas, 
(Liebig). • ChrWium forms two compounds with oxygen, of 
which the lower, or oxide of chromium, Crg O 3 , is isomorphous 
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with peroxide of iron and with alumina, and the higher of 
chromic acid, Cr O3, is isomorphous with sulphuric acid, 

OiX^ide of chromium^ Cr2 Oj ^ 1003.6 or 80.42.— This oxide 
exists in chrome iron, but is not immediately derived from that 
mineral. When chromate of mercury, the orange precipitate 
obtained on mixing nitrate of mercury and chromate of potash, • 
is strongly ignited, oxide of chromiunf remains as a powder of a 
good green colour. The oxide of chromium is also obtained, by 
deoxidising the chromic acid o^hichrohaate of potash in various 
ways ; by ignition with sulphur, for instance, or by igniting toge^ 
ther 1 part of bichromate of potash wdth li parts of sal anmio- 
niac, and 1 part of carbonate of potash, whereby chloride of 
potassium and oxide of chromium are formed; the chromic 
acid losing half its oxygen which is converted xuto water by* the 
hydrogen of the ammonia., Another process^ •interesting from 
affording the oxide in the state of crystals* is to pass the vapour . 
of chloro-chromic acid (Cr O2 Cl)* through a tube heated to 
w'hiteness, when oxygen and chlorine gases arc disengaged, and 
oxide of chromium attaches itself to the surface of the tube. 
The crystals have a metallic lustre, and are of so deep a green 
as to appear black ; they have the same form as specular iron 
ore, the density 5.21, and are as hard as corundufti (Wohler). 
The ignited oxide of chromium is not soluble; in acids ; heated 
with access of air, and in contact with an alkali, it absorbs oxy*» 
gen and becomes chromic acid. Fused with borax or other 
vitreous substances, oxide of chromium pommunicates to them 
a beautiful green colour ; it is the colouring matter of the eme- 
rald, and is employed to produce a green colour upon earthen- 
ware. Oxide of chromium (and not chromic acid) is also the 
colouring matter of jpmA applied to stoneware. -.This 

substance is formed by ignitirfg strongly a mixture of 1 OO parts 
of peroxide of tin, 33 partsof fhalkand not more than 1 part of 
’ oxide of chromium.* • 

To obtain the same oxide *m a hydrated condition, a solution 
of bichromate of pdtash is .brought to the boiling point, and 
hydrochloric acid and^lcohol alternately added in small quan- 
tities, till the solution paj^ses from a red to a deep green colour, 

* Malaguti, An, de Chiw" et de Phys. t. 6l, p. 433. Mr. O. Sims frads 
that peroxides of iron and manganese may be substituted fsj^oxide.of chromium 
in pink colour, so that the coloration of that substance is of an extraordinary 
character. 
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and no longer effervesces from the escape of carbonic acid gas, 
upbn the addition of either the acid or alcohol. In this experi- 
rnent the chromic acid, liberated by the hydrochloric acid, is 
deprived of half its oxygen by the hydrogen and carbon of the 
alcohol, and the resulting«oxide of chromium is dissolved by the 
• excess of hydrochloric acid present, and in fact converted into 
the corresponding sesquichloride . of chromium. Many other 
organic substances may be used in place of alcohol in this expe- 
riment, such as sugar, oxalic acid, &c. The oxide of chromium 
lis^precipitated from the green solution by ammonia, and falls as 
a pale bluish-green hydrate. The same oxide is obtained more 
directly, when to a boiling solution of bichromate of potash, 
a hot solution of the pentasulphuret of potassium is added, the 
chromic acid then giving half its oxygen to the sulphur. 

Hydrated oiide^of chromium is soluble in acids, and forms 
salts. It is also dissolved by potash and soda, but not to a 
great extent by ammonia. Its solution in acids is generally 
green or purple by reflected, and red by transmitted light. Its 
salts have a sweet taste, and are poisonous ; they are not affected 
by sulphuretted hydrogen ; alkaline sulphurets precipitate from 
them the hydrated oxide. The oxide itself becomes of a greener 
colour when dried, and loses water. A moderate heat affects 
its relations to acids, the sulphate of the heated (or green) oxide 
not forming a double salt, for instance, with sulphate of potash. 
When heated to redness, it glows, or undergoes the same change 
as zirconia, peroxide cf tin, and many other hydrated peroxides 
when made anhydrous; becomes denser, of a pure green colour, 
and ceases to be soluble in acids. 

Asesqumdtphurat ofchromiuniy Crg.Sg, corresponding with the 
oxide; is obtained by exposing ther latter, in a porcelain tube, to 
the vapour of bisulphuret of carbon, at a bright red heat. It is a 
substance of a dark grey colour, ife^hich is dissolved by nitric acid. ^ 

Sesquichloride of chromium^ Cr^Clji 2031.6 or 162.79. — ^This* 
salt is obtained as a sublimate of a peach-purple colour, when 
, chlorine is passed over a mixture of oxide of chromium and 
charcoal, ignited in a porcelain tube : or, by evaporating the 
solution of sesquichlori|le of chromium to dryness. The salt 
obtained by the latter process is a ^oen powder, and retains 
3 HO at 212o j^ove 400® it loses water and becomes anhydrous, 
assuming* the same colour as the sublimed chloride. In the 
anhydrpus state it dissolves very slowly in water. 
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Stiiphate of ckromiumy CrjOg, SSOgj 2507-1 or 200.90.*—^ 
Oxide of chromium is dissolved by sulphuric acid, but the salt 
does not crystallize. When dried strongly, it loses its solubility. 
It forms, however, a crystallizable double salt with sulphate of 
potash, chrome alum^ KO, SOg + Cr^Oa, 3SO3 + 24IIO. This 
salt appears when a mixture of its constituent salts, with a little 
free sulphuric acid, is left to spontttneous evaporation. Its 
octohedral crystals are of a dark purple colour, and of a beau- 
tiful ruby red, when so small as^to be transparent. The solution 
of chrome alum is bluish purple, but when heated to 140® or^ 
1800 becomes green, a change of colour which indicates the 
decomposition of the salt i for when afterwards evaporated, it 
no longer yields crystals of chrome alungi^ but of sulphate of 
potash, and the sulphate of chromium dries up into a gunjjrny 
mass. Iron alum is often Recomposed in the same manner, by 
heating its solution, and is not reproduced *on cooling. The 
best mode of preparing chrome alufn is to mix three parts of a 
saturated solution of neutral chromate of potash, first with one 
part of oil of vitriol, and then with two parts of alcohol, which 
is added by small portions to the mixture of acid ar^d chromate, 
and not to apply artificial heat. The chromic acid is thus 
deoxidised in a gradual manner, and large crystals of tlie double 
sulpliate are slowly deposited, (Fischer.) ^ 

Oxalate of chromium andpotashy*6{KO^Cf^^ + Cr203,3C203 + 
6HO. — ^This is another beautiful double salt of chromiuin. It 
is easily prepared by the following process of Dr, Gregory. 
One part of bichromate of potash, two parts of binoxalate of 
potash, and two of crystallised oxalic acid are dissolved together 
in hot water. A copious ^evolution of carbonic arid gas takes 
place, arising from the deoxidation of the chromic acid, at the 
expense of a portion of the cfxalic acid, and nothing fixed re- 
mains, except the salt in quejition, of which a pretty concen- 
trated solution crystallizes upiDn cooling in prismatic crystals, 
which are black by reflected light, but of a splendid blue by 
transmitted light, wlien sufiiciently thin to be translucent. The^ 
oxide of chromium cahnot be precipitated from this salt com- 
pletely by an alkaline carbonate ; and it iS remarkable that only 
a small portion of the ^alic acid is .throwui. dowm from it by 
chloride of calcium. * When fully dried aiiR^ then carefully 
ignited, this salt is completely decomposed, and leaVes a mix- 
ture of chromate and carbonate of potash. The corresponding 
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double oxalate of chromium and soda contains 9tfO^ according 
to ^Mitscherlich. In the analogous oxalate of peroxide of iron 
and soda, the proportion of water appeared to me to be lOHO. 

The mineral chrome iron, Fe O, Crj O3, crystallizes in octohe- 
drons, and corresponds with the magnetic oxide of iron, having 
the peroxide of iron replaced by oxide of chromium. Its density 
is 4,5 ; it is about as soft ‘’as felspar, and infusible. When ex- 
posed to long continued calcination, in contact with carbonate 
of potash, in a reveberat6ry furpace, the oxide of chromium of 
^bis compound absorbs oxygen, and combines as chromic acid 
with the potash, wliile the protoxide of iron becomes peroxide. 
The addition of nitre increases the rapidity of oxidation, but is 
not absolutely required in the process. A yellow alkaline solu- 
tioi^ of carbonate and chromate of potash is obtained by lixi- 
viating the calcined matter, which js generally converted into 
the red chromate or bichromate of potash, by the addition of 
the proper quantity of sulpBuric acid, the latter salt being more 
easily purified by crj^stallization than the neutral chromate. 

Chromic acid^ Cr03, 651.8 or 52.19. — ^This acid is not libe- 
rated from the chromates in a state of purity by any acid except 
the fluosilicic ; it is also easily altered. Fluosilicic acid gas is 
conducted iiito a warm solution of bichromate of potash, till the 
potash is completely separated as the insoluble fluoride of silicon 
and potassium, which may be ascertained by testing a few drops 
of the solution with tartaric acid or chloride of platinum. The 
solution is evaporated to dryness by a steam heat, and the 
chromic acid redissolved by water ; it gives an opaque dull red 
solution. Chromic acid may also be obtained anhydrous and in 
acicular crystals, by distilling, in a platinum retort, a mixture of 
4 pai*s of chromate of lead, 3 pafts^ of finely pulverised fluor 
spar, add 7 parts of the Nordhauigren sulphuric acid; sulphate of 
lime is formed, and the superflu^pride of chromium, the vapour 
of which is received in a large platinum crucible, covered by 
wet paper, and used as a condenser. The superfluoride is 
^decomposed by the aqueous vapour from the paper, being 
resolved into hydrofluoric acid and beautiful orange-red acicular 
crystals of chromic a(Sidj which fill thd crucible. Chromic acid 
differs remarkably,from* sulphuric acid^in having but little aflB- 
nity for basic wqter, so that it may be obtained anhydrous by 
evaporating its solution to dryness. Indeed, the' chromate of 
water is not known to exist, even in combination, both the 
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bichromate and tercbromate of potash being anhydrous salts* 
The free acid is a highly oxidating agent, and bleaches organic 
colouring matters : chromic acid then loses lialf its oxygen, and 
becomes oxide of chromium. When sulphurous acid is trans- 
mitted through the solution of a chromate, a brown precipitate 
subsides, which is a subchromate of the oxide of chromium. 
The same compound frequently appears when chromic acid is 
otherwise imperfectly deoxidised. 

CHRdfMATES. 

Chromate of potash^ Yellow chromate of potash^ KO, Cr O3 ; 
1241.7 or 99 . 5 . — ^This salt is produced in the treatment of the 
chrome ore, but is seldom crystallized.. It may be formed 
from the bichromate, by fusing that salt with an equivalent 
quantity of carbonate* of pptash ; or by adding caustic potadi to 
a red solution of the bichromate, till its*colour becomes a jnire 
golden yellow. The solution of chromate of potash has a great 
tendency to effloresce upon the sides of tlie bason when eva- 
porated. Its crystals are of a yellow colour, ^mhydrous, and 
isomorphous with sulphate of potash. One hunrlred parts of 
water at lO^Missolve 48 ^^ parts of this salt; the solution pre- 
serves its yellow colour, even when diluted to a grt^at degree. 

Bichromate of potash^ Red chromate of potash^ KO, 2Cr O3 ; 
1893.5 ur 151.73. — This beautiful suit, of which a large quan- 
tity is consumed in the arts, crystallizes in prisms, or in large 
four-sided tables, of a 6ne orange red colour. It fuses under 
a red heat, and forms a crystalline mass oh cooling, of which the 
crystals have the same form as those obtained from an aqueous 
solution, according to Mitscherlich ; but this mass falls to 'powder 
as it cools, from the unequaj contraction of the crystals in diffe- 
rent dimensions. At 60 % water dissolves 1-1 0th of its vTcight of 
this salt, and at the boiling pojmt a considerably greater quantity. 

Bichromate of chloride 0/ potassium, PeliyoVs salt^ KCl-f 
2Cr03. — This salt, W’hich we are obliged to designate as if it 
contained chloride *of potas^^ium in combination as a base witli 
chromic acid, is fonfced by dissolving together with the aid of 
heat, about three parts of bichromate t)f potash and four of 
concentrated hydrochl^Kc acid* with a small quantity of water, 
avoiding the evolutiofi of chlorine. It crys^lhzes in flat red 
quadrangular prisms, and is decomposed by solufion in pure 
water. 
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Terchromate of potash^ KO, 3Cr O3, is obtained crystallized 
when a solution of the bichromate is mixed with nitric acid, and 
evaporated. Bichromates of soda and of silver exist, which are 
anhydrous, like the bichromate of potash, (Warington.) 

Chromate of Boda, NaO, Cr O3 + IOHO.— By the evaporation 
of a concentrated solution of this salt, it is obtained in large 
fine crystals, having the fdrm of glauber salt. 

Chromate of lead^ PbO, CrOg; 2046.3 or 163.97 -“This 
compound, so well knowri as chr/me yellow^ is obtained by mix- 
jng the nitrate, or acetate of lead, with the chromate or bi- 
chromate of potash. The precipitate is of a lighter shade from 
dilute than from concentrated solutions. It is entirely soluble 
in potash or soda, but^not in dilute acids. 

^ubchromate of lead, 2 PbO, Cr O3, is of a red colour. It is 
formed when a solution of neutral chromate of potash, with as 
much free alkali added to it as it already contains, is added to a 
solution of nitrate of lead. But the finest vermilion-red sub- 
chromate is formed when one part of the neutral chromate of 
lead is thrown into five parts of nitre, in a state of fusion by 
heat. Water dissolves the chromate and nitrate of potash of 
the fused jFiass, and leaves me subchromate of lead, as a crys- 
talline powder, (Liebig and Wohler.) An orange pigment may 
be ol)tained very fconomically by boiling the sulphate of lead, 
which is a waste product in making acetate of alumina from alum 
by means of acetate of lead, with a solution of chromate of potash. 
The subchromate of l^ad forms a beautiful orange upon cloth, 
which is even more stable than the yellow chromate, not being 
acted upon by eitlier alkalies or acids. One method of dyeing 
chrome orange, is to fix the yellow chromate of lead first in the 
calicovby dipping it successively in acetate of lead and bichro- 
mate of potash, and then washing'it. This should be repeated, 
in order to precipitate a considerable quantity of the chromate 
in the calico. A milk of lime is 'then heated in an open pan, 
and when at the point of ebullition, the yellow caheo is im- 
,mersed in it, and instantly becomes- orange, being deprived of a 
portion of its chromic acid by the lime, ‘which forms a soluble 
chromate of lime. Afa lower temperature, lime-water dissolves 
the chromate of lead entirely, and leave*^*the cloth white. 

Chromate of ^B9>lver falls as a reddish brown precipitate when 
nitrate of ‘silver is added to neutral chromate of potash. Dis- 
solved ip a hot and concentrated solution of ammonia, it gives, 
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on cooling, lai^e well formed crystals, Ag O, Cr O3 -h 2NH3/ 
isomorplious with the analogous ammoniacal sulphate and 
seleniate of silver. • 

Chromate of magnesia forms, according to my own observa- 
tions, yeUow crystals which are very soluble, and contain 5 HO. 
It does not form a double salt with chromate of potash, as 
sulphate of magnesia does with suljihate of potash. It is re- 
marked that the insoluble metallic chromates generally carry 
down portions of the neutral pj^pipitating salts, or of subsalts, 
and their analysis is often unsatisfactory from that cause^ 
When the magnesian chromates are compared with the sul- 
phates of the same family, the former are found to have their 
water readily replaced by metallic oxides, but not by salts \ so 
that subchromates with excess of oxide are numerous, \^ule 
few or no double chromate^ exist. . . • 

Chlorochromic add^ Cr O2 Cl, or 2Cr C/g -f Cr CI3. — ^This is a 
volatile liquid, obtained by distillfng, in a glass retort, by a 
gentle heat, 3 parts of bichromate of potash and 34 parts of 
common salt, previously reduced to powder and mixed together, 
with 5 parts by water measure, of oil of vitriol, discontinuing 
the distillation when the vapours, from being a deep ©range red, 
become pale — ^that change arising from watery vflpour. The 
compound is a heavy red liquid, decomposqjl by water. The 
density of its vapour is 5.9 

Terfluoride of chromium^ Cr F3, is obtained in the manner 
already mentioned under the preparation^of chromic acid. It is 
a blood-red liquid. No corresponding tef chloride of chromium 
has been obtained in an isolated state. 

SEC.TION IV. 

VANADIUM. 

Eq. 85S.9 or 68.66 ; V. 

Vanadium, so named from Vanadis^ a Scandinavian deity^ 
was discovered by Sdfstroem in 1830, in the iron prepared from 
the iron ore of Taberg, ‘in Sweden, and procured afterwards in 
larger quantity from th(f slag of that ore . Jt was found after- 
wards by Mr. Johnstdh, in a new mineral discovered by him, 
the vanadiate of lead from Wanlockhead. It is *one of the 
rarest of the elements. The metal itself has considerable re- 
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'semblance in properties to chromium. It combines with oxygen 
in three proportions, forming the protoxide of vanadium, VO, 
peroxide, VO2, and vanadic acicl, VO3. 

Protoxide ofvanadiumy VO, 956.9 or 76.66, is produced by 
the action of charcoal or,^ hydrogen upon vanadic acid. It is a 
black powder of semi-metaUic lustre, and when made coherent 
by pressure, conducts electricity like a metal. It does not com- 
bine with acids, and exhibits none of the characters of an alka- 
^ line base. It is readily oxidise^ when heated in the open air, 
,aitd passes into the following compound. 

Peroxide of vanadium^ VO2, 1056.9 or 84.66 — ^is produced by 
the action of sulphuretted hydrogen and other deoxidating 
substances upon vanadic acid. When pure, it is a black pul- 
verulent substance, quite free from any acid or alkaline reaction. 
It dissolves in acids, and forms salts, most of which are of a 
blue colour. Tliese sdlts give a precipitate with a slight excess 
of carbonate of soda, of a greyish white hydrate, which becomes 
red by oxidation. They are also precipitated black by infusion 
of nutgalls, like the salts of irOn. Peroxide of vanadium is also 
capable of acting as an acid, and forms compounds with alkaline 
bases, some of which are crystallizable. 

Vanadic hcid^ VO3; 1156.9 or 92.66. — It is in this state that 
vanadium occurs i,n the slag of the iron of Taberg, and in the 
vanadiate of lead. It is obtained by dissolving the latter mineral 
in nitric acid, and precipitating the lead and arsenic, with which 
tlie vanadium is accompanied, by sulphuretted hydrogen. A 
blue solution of peroxide of vanadium remains, which becomes 
vanadic acid when evaporated to dryness. Vanadic acid fuses 
but retains its oxygen at a strong red heat. It is very sparingly 
soluble, water taking up only l-lOptheof its weight of this com- 
pound, Acquiring a yellow colour ^and an acid reaction. It acts 
the part of a base to stronger ^^cids. An interesting double 
phosphate of silica and vanadic aeid was observed in crystalline 
scales, of which the formula is 2Si03, P05 + 2V03,P05+6H0. 
Vanadic acid forms with bases neqtral and acid salts, the first 
of which admit of an isomeric modification, being both white 
and yellow, while the acid salts are of a fine orange red. Va- 
nadic and chromic ^cids are the only adi(Js of which the solution 
is red, while they are distinguished fr6m each other by the 
vanadic acid becoming blue, and tl>e chromic acid green, when 
they are deoxidised. 
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Sulplmrets and chlorides of vanadium, corresponding with* 
the peroxide and vanadic acid, have likewise been formed.^ • 


S E C T I O N ,V. 

TUNGSTEN AND MOL'^pDENUM. 

TUNGSTEN. 

Syn. WOLFRAM. Eq. 1183 or 94.8 ; W. 

This element exists in the form of tungstic acid in several 
minerals, of which the most important are the native tungstate 
of lime CaO, WO 3 , and wolfram^ or the tungstate of manganese 
and iron, MnO, W03H-3(FeO, WO3). Its nam§ tungsten means 
in Swedish, heavy stone, and is expressive df the great density 
of its preparations. • 

Tungstic acid parts with oxygen easily, and may be reduced 
in a glass tube, by means of dry hydrogen gas, at a red heat. 
The metal is thus obtained in the state of a dense dark grey 
powder, which it is necessary to expose to a very violent heat to 
fuse into globules, for tungsten is even less fusible than man- 
ganese. The metal, when fused, has the colour and lustre of 
iron, and is not altered in air : it is, after gold and platinum, the 
densest of the metals, tlie specific gravity of tungsten being 
from 17.22 to 17 . 6 . When heated to redness, in the pulveru- 
lent form, it takes fire, burns, and Cc^comes tungstic acid. 
Tungsten forms two compounds wdth oxygen, tungstic oxide/ 
WOj, and tungstic acid, WO3. , 

Tungstic oxide, WOg, )383 or 110.8. — ^T^is oxide is oljtained 
as a brown powder when tungstic acid is reduced by hydrogen 
at a temperature not excee^ng low redness. Tungstic acid 
may also be deprived of oxygen in the humid way, by pouring 
diluted hydrochloric acid oT^er it, and placing zinc in the liquor ; 
the tungstic acid then gradually changes into tungstic oxide, in 
the form of brilliant«crystalline plates of a copper-red colour. 
No saline compoimds • of this oxide with acids are known. 
When digested in a yti^ong solution •of h;jdrate of potash, it 
dissolves, with the ^sengagement of hydrogen gas, and the 
formation of tungstate of potash. 

♦ Berzelius, An. de Ch. et de Ph. t. 47, p. 337# 
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A compound of tungstic oxide and soda, Na + 02 W 03 , of a 
vei7 singular nature, was discovered by Wohler. It is obtained 
by adding to fused tungstate of soda as much tungstic acid as 
it will take up, and exposing the mass at a red heat to hydrogen 
gas. After dissolving out the neutral undecomposed tungstate 
, by water, the new compound remains in golden yellow scales 
and regular cubes, possessing the metallic lustre and a striking 
resemblance to gold. This compound is not decomposed by 
aqua regia, sulphuric or hitric acid, nor by alkaline solutions, 
^ut yields to hydrofluoric acid. It cannot be prepared by 
uniting soda directly with tungstic oxide. 

Tunffstic acidfWO^; 1483 or 118.8 — is most conveniently 
obtained by decomposing the native tungstate of lime, finely 
pulverised, by hydrochloric acid; chloride of calcium is dis- 
solved, and tungstic acid precipitates. Dissolved in ammonia 
and precipitated again” by acids, tungstic acid always forms a 
compound with the acid enlployed. It may be obtained, in a 
separate state by heating the tungstate of ammonia to redness. 
It is an orange yellow powder, which becomes dull green when 
strongly heated. Its density is 6.12. It is quite insoluble in 
water or in acids, but dissolves in alkaline solutions. 

Tungstic 'acid forms both neutral and acid salts with the 
alkalies. The tungstate of potash is a very soluble salt, which 
may be obtained in small crystals by the evaporation of its 
solution. When a little acid is added to the solution, an acid 
salt precipitates, which is very slightly soluble in water. The 
tungstate of soda is also very soluble, but may be obtained in 
good crystals, which contain a large quantity of water of crys- 
tallization. The acid tungstate of soda is very crystallizable, 
and soluble in eight parts of water., A combination of tungstic 
acid with tungstic oxide, WO 2 , WO3, is obtained as a fine blue 
powder when the tungstate of ammonia is heated to redness in 
a retort, and is also produced in other circumstances. Malaguti 
is disposed to consider this compound as a distinct acid of 
tungsten, Wg Og (An. de Ch. et de Ph. lx. 271.) 

Sulphurets of tungsten. — ^The bisulphViret is prepared by 
mixing one part of tiifn^sten with six'* parts of cinnabar, and 
exposing the mixture, covered with chj^roal in a crucible, to a 
white heat. The^ tersulphuret is fofmedT)y dissolving tungstic 
acid in an alkaline sulphuret, and precipitating by an acid. It 
is of a liyer-brown colour, and becomes nearly black on drying. 
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The tersulphuret of tungsten has a certain degree of solubility* 
in water containing no saline matter, and is a strong sulphur 
acid. The salt KSjWSg forma pale red crystals. Two parts 
of this sulphur salt dissolved in water with one part of nitre, 
give large and beautiful ruby-red crystals of a double salt, 
KS,WS3 + K 0 ,N 05 . 

Bichloride of tungsten^ WCl^, is formed when metallic tung- 
sten is heated in chlorine gas. It condenses in dark red needles, 
which are very fusible and vo^ile. ‘This chloride is deconi- 
posed by water, and tungstic oxide with hydrochloric acief 
formed. 

Terchloride of tungsten^ W CI3, is produced at the same time 
as the last compound, and also when the.sulphuret of tungsten 
is heated in chlorine gas. It forms a sublimate of l)eautiful red 
crystals, which are resolved, by water into tungstic and hydro- 
chloric acids. A chlorotungstic acid^ or* double compound of 
terchloride of tungsten and tungstic acid, WO^Cl, or WCI3 + 
2WO3, is prepared by heating tungstic oxide in chlorine gas. 
It condenses in yellow crystalline scales : when suddenly heated, 
it is resolved into tungstic acid, bichloride of tungsten, and 
chlorine. Another compound is known, 2WCl3-f WO* (Bonnet.) 

MOLYBDENUM. 

Eq. 598.5 or 47.96, Mo. 

This metal is closely allied to tuugstenj Its native sulphuret 
was first distinguished from plumbago by ^cheele, in 1778 ; and 
a few years afterwards, molybdic acid, which he had formed, was 
reduced, and molybdenum obtained from it, by another Swedish 
chemist, Hjelm. The naane, molybdenum is derived from the 
Greek term for plumbago. • 

The oxides of molybdenunyare easily reduced, when exposed 
to a strong heat in a crucible lined with charcoal, but the metal 
itself is very refractory. Bucholz, who obtained it in rounded 
buttons, found it t& be a white metal, of density between 8,615 
and 8.636. It is not? acted upon by hydrochloric, hydrofluoric, 
or diluted sulphuric add 5 but is dissdved by concentrated 
sulphuric acid, by ni^c acid, and aqua rpgia. Hydrate of 
potash does not dissolve this metal by the ^ humid way. It 
combines in three proportions with oxygen, forming’molybdous 
oxide, MoO, molybdic oxide, MoO^, and molybdic acid, M0O3. 
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* Molybdou8 oxide^ MoO, 698.5 or 55.96. — This oxide is o!>- 
taiaed by adding to the concentrated solution of any molybdate, 
so much hydrochloric acid as to redissolve the molybdic acid 
which is at first thrown down, and placing zinc in the liquid ; 
this becomes first blue, then reddish-brown, and finally black, 
and contains the chloride of e zinc and protochloride of molyb- 
denum. To separate thc^ oxide of molybdenum from the oxide 
of zinc, ammonia is added to the liquid in quantity no more 
than sufficient to precipitate the^former, while the latter remains 

solution. The molybdous oxide carries down with it a por- 
tion of oxide of zinc, from which it may be freed by washing 
with ammonia : it is thus obtained as a hydrate of a black 
colour. The hydrate ^of molybdous oxide dissolves with diffi- 
culfy in acids, forming solutions which are almost black and 
opaque, and which do not yield crystallizable salts. It is not 
dissolved by potash, n*or by the fixed alkaline carbonates ; but, 
on the contrary, is soluble in carbonate of ammonia, when 
freshly precipitated. Molybdous oxide resists, after ignition, 
the action of all acids. 

Molybdic oxide^ MoOg ; 798,5 or 63,96. — ^This oxide may be 
obtained Vy igniting molybdate of ammonia in a covered cruci- 
ble, but miied with a little molybdic acid. It is better pro- 
cured by igniting ^rapidly, in a covered crucible, a mixture of 
anhydrous molybdate of soda (which may contain an excess of 
soda) with sal ammoniac. Water poured upon the fused mass 
dissolves common salt, and leaves a brown powder almost 
black. But molybdic oxide prepared in this way is insoluble in 
acids. The hydrated oxide may be obtained in various ways, 
one of which* consists in digesting molybdic acid with hydro- 
chlorus acid and copper, till all the molybdic acid is dissolved. 
From the solution, which is of a deep red colour, molybdic oxide is 
precipitated in appearance exactly similar to the hydrated per- 
oxide of iron, by ammonia, added in sufficient excess to retain 
all the oxide of copper in solution.* The hydrate has a certain 
degree of solubility in pure water, and shbuld, therefore, be 
'washed with a solution of sal ammoniac^ and lastly by alcohol. 
This hydrate reddens litmus paper, but possesses no other pro- 
perty of an acid. .It is' not dissolved the hydrated alkalies, 
but is soluble in their carbonates, like several earths and metallic 
oxides. It dissolves in acids and forms salts, which are red 
when they contsun water of crystallization, and black when an- 
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hydrous. The oxalate of molybdic oxide can be obtwnediii* 
crystals by spontaneous evaporation, 

Molybdic adid^ MoOgj 898,5 qt 71*96.— The native sulphuret 
of molybdenum, in fine powder, is roasted in an open crucible, 
with constant stirring, at a heat not exceeding low redness, so 
long as sulphurous acid comes off. It leaves a dull yellow 
powder, which is impure molybdic 2teid, This is dissolved in 
ammonia, and the molybdate of ammonia purified by eva])ora- 
tion, during which some fore^ matters are deposited, and 
crystallized. The crystallized salt, exposed to a moderate heat,"^ 
so as to avoid fusion, loses its ammonia, and leaves molybdic 
acid in a state of purity. The acid thus prepared is a white and 
light porous mass, which may be diffused^ in water, and divides 
into little crystalline scales of a silky lustre. It fuses at a^red 
heat, and forms on cdoling^a straw* coloured cryj^tallinc mass, of 
which the density is 3.49. This acid fbrmJ no liydrate. It 
requires 570 times its weight of Water to dissolve it. Before 
being ignited, it is soluble in acids, and forms a class of com- 
pounds, in which it appears to play the part of base, but of 
which not much is known. When boiled with bitartratc of 
potash, molybdic acid dissolves, even after being fusej by heat. 

When a solution of bichloride of molybdenum i8«i)oured into 
a solution saturated, or nearly so, of molybdate of ammonia, a 
blue precipitate falls, which is a molybdate of molybdic oxide^ 
MO3, 2MO3. This compound is likewise readily formed in a 
variety of other circumstances.* The salts of molybdic acid are 
colourless, when their base is not coloifred. When they are 
treated with other acids, molybdic acid precipitates, which dis- 
solves, however, in an excess of the acid, except in nitric acid. 
It forms both neutral andlacid salts with the alkalies. Molyb- 
date of potash is formed by •dissolving molybdic acid* in car- 
bonate of potash ; it is easily ^luble in water and crystallizable. 
Molybdate of soda has the same form, and resembles in proper- 
ties the tungstate of soda. ^Bimolybdate of soda crystallizes in 
large fine crystals, \fhich effloresce in air. Molybdate of magnesia 
is soluble in twelve or fifteen times its weight of water, and* 
may be crystallized. Molybdate of lead occurs finely crystallized 

♦ It will be observed, tha^e atom of this compouriH contains three atoms 
of metal, so also does the remarkable combination of tungstic oxide and soda, 
(page 618 ) ; both thus containing a sali-molecule of metal, like the compound 
oxide of iron, which appears to be a condition of stability. 



622 


TELLURIUM. ■ 


' as a mineral. Chromate of lead is dimorphous, and corresponds 
in Jbhe least usual of its forms with molybdate of lead ; hence 
molybdenum is connected wiiji the magnesian metals, and 
tungsten also with the same class, from the isomorphism of the 
tungstates and molybdatgs. 

Sulphurets of molybdenum , — The bisulphuret is the ore from 
which the compounds of Ahis metal are derived. It occurs in 
many parts of Sweden, and might be procured in quantity if 
any useful application of the^metal were discovered. It is a 
^ 'iead-grey mineral, having the metallic lustre, composed of flexible 
, laminaj, soft to the touch, and making a streak upon paper, like 
plumbago. Nitric acid oxidates it easily, without dissolving it. 
Its density is from 4.138 to 4.569. A tersulphuret of molybde- 
nuifh is obtained in the same way as the corresponding com- 
pound of tungsten, and affords cfystaliizable sulphur salts, 
which are red. Tne i^ulphomolybdate of sulphuret of potassium 
combines likewise with nitrate of potash. When a solution of 
the former salt is boiled with tersulphuret of molybdenum in 
excess, the latter is converted into bisulphuret of molybdenum, 
and a quadrisulphuret of molybdenum dissolves in combination 
with the 5 iulphuret of potassium. The quadrisulphuret may be 
precipitated by hydrochloric acid, and when dried is a cinnamon 
brown powder. 

Chlorides of molybdenum . — A protochloride is formed when 
molybdous oxide is dissolved in hydrochloric acid ; the iicA/o- 
rirfe when molybdenum is heated in dry chlorine gas, as a dark- 
red gas, which condehses in crystals, like those of iodine. It 
forms a crystallizable double salt with sal ammoniac. The 
chloromolybdec acid^ or compound of terchloride of molybdenum 
and molybdic acid*, M 0 O 2 CI or MPCI 3 + 2 M 0 O 3 , is formed with 
molybdic acid, when molybdic oxide is exposed to chlorine gas 
at a red heat. It sublimes undjgr a red heat, and condenses 
in crystalline scales, which are wtite with a shade of yellow. 


SECTION VT. 

TELLURIUM. ‘ 

•w 

' Eq. 801.8 or 64.25|vTe. 

Telluriuha is a metal of rare .occurrence, and appeared at one 
time to be almost confined to certidn gold mines in Ttansyl* 
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vania ; but it has been found lately, in considerable abundance, 
at Schemnitz, in Hungary, combined with bismuth ; and ii/the 
silver mine of Sadovinski in the Altai, united with silver and 
with lead. It was first described as a new metal by Klaproth, 
who gave it the name tellurium, from* telhis, the earth. Tellu- 
rium is separated from the foreign botjies with which it is mixed 
and combined in its ores, by processes of a very complicated 
nature. (Berzelius, Traits, I. 344.) 

In a state of purity, telluriu^ is silver-white and very bril-^ 
liant. It is very crystallizable, assuming a rhombohedral forrn^ 
in which it is isomorphous with arsenic and antimony. It is 
brittle, and an indifferent conductor of heat Jind electricity for a 
metcl. Its density is from 6.2324 to •6.2578, according to 
Berzelius. Tellurium^ is about as fusible as antimony ; «t a 
higher temperature it may be distilled. It^lrtirns in air, at a 
high temperature, with a lively blue flame, green at the borders, 
and diffuses a dense white smoke, which generally has the odour 
of decaying horse-radish, from the presence of a little selenium. 
Tellurium belongs to the sulphur class of elements. Like sele- 
nium and sulphur, it dissolves to a small extent in concentrated 
sulphuric acid, and communicates to it a fine purple fed colour. 
In this solution, the metal is not oxidated, for it is precipitated 
again, in the metallic state, by water. Tlits metal lias also 
considerable analogy with antimony, and may probably connect 
together the sulphur and phosphorus families. Tellurium com- 
bines in two proportions with oxygen, /prming tellurous acid, 
TeOg, and telluric acid, TeOg. 

Tellurous acid^ TeOg ; 1001.8 or 80.25. — ^This acid differs 
remarkably in properties according as it is anhydrouS or hydrated, 
forming two isomeric modifications of the same acid, of Vhich 
the anhydrous acid has been named alphatellurous acid, and the 
hydrated betatellurous, by Be;feelius, to whom we are inde])ted 
for nearly all our accurate knoVledge of the acids of tellurium. 
But a sufficient distinction will be made between these bodies 
by retaining one of these •terms, alphatellurous, as appliecL 
to the anhydrous acid,* and confining the term tellurous acid to 
the hydrated acid, proper tellurgus acid then is obtained 

by precipitating the biMloride of tellurium ‘by cold water ; or 
by fusing anhydrous tellurous acid with an equaJ weight of car- 
bonate of potash, so long as carbonic acid is disengaged, dis- 
solving the tellurite of potash in water, and adding nitric acid 
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to it, till the liquor distinctly reddens litmus paper. A white 
and l^ulky precipitate is produced, which is washed with ice-cold 
water, and afterwards dried without artificial heat. Tellurium 
likewise dissolves with violence in pure nitric acid of density 
1 .25, and if after the first five minutes, the clear liquid be poured 
•into water, tellurous acid is pipecipitated in white flocks. But if 
not immediately precipitated, the nitric acid solution undergoes 
a change. 

The hydrated acid obtained these processes forms a light, 
Fhite, earthy mass, of a bitter and metallic taste. It instantly 
reddens litmus paper, and while still humid, dissolves to a sen- 
sible extent in water. It is very soluble in acids, and these 
solutions are not subject to change, except that in nitric acid. 
Amnonia and the alkaline carbonates also dissolve it easily, the 
latter becoming bicarbonates. It is .this tellurous acid which 
plays the part of acid fti the tellurites, and also that of base in 
some compounds which the tellurous, like vanadic, tungstic, 
and molybdic acids, forms with the stronger acids. The tellu- 
rites of potash and soda, which are neutral in composition, are 
very soluble, and have a strong alkaline reaction ; their solu- 
tions are decomposed by the carbonic acid of the air. 

Alphatellurous acid , — When the solution of tellurous acid in 
water is heated to 104o, it deposits alphatellurous acid in grains, 
and loses its acid reaction. The same change occurs when it is 
attempted to dry the hydrated tellurous acid by heat. It parts 
with combined water, and becomes . granular. The solution of 
tellurous acid in nitric acid changes spontaneously in a few 
hours, and in a quarter of an hour when heat is applied to it, 
and allows the alphatellurous acid to precipitate. When tlie 
deposition, of the acid is slow, it forms a crystalline mass of fine 
grains, among which octohedral crystals may be perceived by 
the microscope. The acid is then anhydrous. Alphatellurous 
acid does not redden litmus, or not till after a time. It is but 
very slightly soluble in water; the solution has no acid reaction. 
No salts of alphatellurous have been formed in the humid 
way, although from its analogy to a con^esponding telluric acid, 
it is probable that sueh salts may exist. At a low red heat, it 
fuses into a clear . transparent liquid 65 a deep yellow colour, 
which on cooling becomes a white and Mghly crystalline mass, 
easily detached from a crucible. Tellurous acid is volatile, 
although less so than the metal itself. 
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BiteUurite of potash^ is obtained by fusinj^ two 

atoms of tellurous acid with one atom of cjirbonate of |)()tash. 
It appears to be capable of existing in a hot solution, and of 
crystallizing in certain circumstances ; but it is decomposed by 
cold water, which resolves it into tlib neutral salt, wlii(d» dis' 
solves, and a quadritellurite of poticsky^ KO, Te^ ()„ -f 1 1I ( ). 1die 
latter salt cannot be redissolved again m water, without decom- 
position. In losing its water when heated, it swells uj) like borax. 

Telluric acid^ Te 03 ; 1 101.8 88.25. — This acid is obtained 
in combination with potash, on fusing tellurous acid witb nitre." 
It may then be transferred to barytes, and the insoluble tellu- 
rate of barytes decomposed by sulphuric acid. The solution of 
telluric acid gives bulky hexagonal prismatic crystals. Its 
taste is not acid, buj metallic, resembling that of nitrate of 
silver. Indeed, it appears fo be a feeble ^icicVit^chlenijig litmus 
paper, although with difficulty, when the solution is diluted. 
The crystallized acid contains 3110, of which it loses 2110 by 
efflorescence, a little above 212®. It thereafter apj>ears insoluble 
in cold water, but may be redissolved completely by long dig(‘s- 
tion, particularly with ebullition, and is not permanently altered. 
Telluric affects the same multiples in its salts as tellfirous acid. 
The neutral tellur ate of potash is KO, TeO^ + SlIO, hUelluraie 
of potash^ KO,Te 2 0^ + 4110, quadritellmrate of potash^ 
KO, Te 40 j 2 4*4110. All these salts may be obtained directly, 
in the humid way, by dissolving the pro})er proportions of 
hydrated acid and carbonate of potash together, in hot water. 
A portion of the combined water, in the last two salts, is un- 
questionably basic, but how much of it is so has not been deter- 
mined. They cannot be made anhydrous by heat ^dthout being 
essentially altered in propfirties. 

Alphatelluric add . — The crystals of hydrated telluric acid 
lose all their water at a heat ^i/tder redness, and become a mass 
of a fine orange yellow colpur, without changing their form. 
This yellow matter,^ which is distinguished as alphatelluric acid 
by Berzelius, is remarkable for its indifference to chemicaL 
reagents, being complc?tely insoluble in cold or boiling water, in 
hot hydrochloric and nitric acids, and iy potash Icy. At a high 
temperature it is deconWmsed, losing oxygen,* and leaving tcllu- 
rous acid white and pulverulent. The salts of»*tellunc acid are 
also converted into tellurites, at a red heat, by the loss of 
oxygen. 
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The neutral tellurate of potash undergoes no change in con- 
stitution under the influence of heat, resembling in that respect 
those tribasic phosphates, of wJiich the whole three atoms of 
base are fixed. The bitellurate of potash loses its water and 
becomes yellow at a temperature under redness, and is changed 
into a quadritellurate, which is insoluble alike in water and 
dilute acids. Water dis^lves out neutral tellurate from the 
yellow mass. The insoluble salt is named the alphaquadritellurate 
of potash, by Berzelius. ‘The ^^Jements of this compound are 
pinited by a powerful affinity.^ It is formed when hydrated 
telluric acid is mixed intimately with another potash salt, such 
as nitre or chloride of potassium, and the mixture calcined at a 
temperature which should be much inferior to a red heat ; also 
when tellurous acid is ignited with chlorate of potash, and in other 
circumstances, o Hydrate of potash ndissoWe?} the alphaquadri- 
tellurate by fusion, arfd nitric acid by a long continued ebulli- 
tion ; but in both cases the acid is found as ordinary telluric 
acid in solution. 

Telluretied hydrogen^ TeH, is a gaseous compound of tellurium 
and hydrogen, analogous in constitution and properties to sul- 
phuretted ^lydrogen. It is obtained by fusing tellurium with 
zinc or with tin, and acting on the mixture by hydrochloric 
acid. ^ 

Definite suljihurets of tellurium have been obtained, corres- 
ponding with tellurous and telluric acids. They are sulphur 
acid^ 

Two chlorides of tellurium have been formed, a protochloride, 
Te Cl, to which there is no corresponding oxide, and a bichlo- 
ridej Te Cl^. < No higher chloride, corresponding with telluric 
acid, bas been obtained. 
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ORftER VI. 

METALS ISOMORPHOUS Wn« PHOSPHORUS. 

SECTIO I. 

ARSENIC. 

Eq. 940.1 or 75.34 (470.04 or 37.67, Berzelius and Turner)^ AS. 

This metal is found native, but more generally in combination 
with other metals, particularly cobalt and nickel, and is largely 
condensed, during the roasting of their ores, in the st^e of 
arsenious acid. The* metal may be easily ob^kfed, in a state of 
purity, by subliming a portion of nativ5 arsenic in a glass tube 
or retort, by the heat of a lamp,*or by reducing a mixture of 
one part of arsenious acid and three parts of black flux, in the 
same apparatus. The metal forms a crust, in condensing, of a 
steel-grey colour and bright metallic lustre. It has been ob- 
served to crystallize by sublimation in rhombohedral crystals, 
and is isomorphous with tellurium and antimony. It is a brittle 
metal, and very easily pulverised. The density of arsenic is 
from 5.7 to 5.96. It rises in vapour at 356^ (180^ Cent.) with- 
out first undergoing fusion. Arsenic vapour is colourless ; its 
density is 10,370; and, like phosphorijs and oxygen, its com- 
bining measure is one volume. It has as strong an effect upon 
the organ of smell as selenium : its odour resembles that of 
garlic. Arsenic combines in three proporj;ions •with oxygen, 
forming a grey suboxide* by spontaneous oxidation in »air, of 
which the composition is undetermined, with arsenious and 
arsenic acids, As O 3 and As O^. 

Arsenious acidy As ; 1240.1 or 99.34. — ^This compound is 
also known as white oxide of arsenic, and is an abundant mer- 
cantile product. *It is ini vitreous masses, as obtained bjr 
sublimation, which imilnediately after sublimation are transparent 
and colourless, or have ft delicate shade oT yellow, but gradually 
become white and oj^que, (page 153.) The density of the 
vitreous acid is 3.7383, of the opaque acid, 3^99. ^ Arsenious 
acid sublimes at 380°, without softening or fusing, forming a 
vapour which is colourless and without odour. The 4ensity of 
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this vapour is about 13,000 (Mitscherlicli) ; one volume of 
arscpious acid vapour, or the combining measure, contains 
accordingly, one volume of arsenic vapour and three volumes 
of oxygen gas. When slowly sublimed in a glass tube, it is 
always obtained in distinct transparent crystals of adamantine 
lustre, which are regular octohedrons. But arsenious acid is 
dimorphous, and occurs ^>metiraes, in the roasting of arsenical 
ores, in thin, flexible prii^^ms, of a pearly lustre, of which the 
form does not belong to che regular system, (Wohler.) Arse- 
"i^iqus acid dissolves very slow ^ j in water, and the prismatic 
crystals in particular require to be heated with it for a long 
time. A concentrated solution prepared in this way may after- 
wards be cooled without arsenious acid immediately crystallizing 
from it. One liundrecl j)arts of boiling water dissolve .D.flS parts 
of the vitreous acid, and 11.47 parts of the opaque acid ; and 
when the solutioiib cocJ to GO'*, 1.7H parts remain in the first, 
and 2,9 parts in the latter ; ^he first reddens litmus paper, the 
second makes it blue, although feebly, if already red. When 
tlie vitreous acid in powder, is covered with ammonia, it heats 
a little ; no combination of the acid with ammonia takes place, 
for the latjer may be completely removed by water, but the 
w^ashed powder is found to have passed into the condition of 
the opaque acid. For these curious facts we are indebted to 
M. (juibourt. The taste of powdered arsenious acid is scarcely 
perceptible, but it is slightly sweet, and leaves a feeling of 
acridity in the mouth. 

Arsenious acid dissolves in the solutions of many acids, par- 
ticularly hydrochloric acid, to a greater extent than in water, 
but without combining with these acids. It is dissolved, how- 
ever, l^y the bitartfate of potash, with the formation of a crys- 
tallizablc salt, analogous to the potash-tartrate of antimony. 
Arsenious acid is dissolv^ed by potash, so4a, and ammonia ; but 
the salts which it forms with thes^e bases do not crystallize. It 
is also dissolved by alkaline carbonUtes, but is sometimes depo- 
sited from these solutions in a free state ; so that it is doubtful 
'whether arsenious acid displaces carbonic acid in the humid way. 
The arsenites of the errths and metallic oxides are insoluble in 
w^atcr, but soluble ^in acids; these preapitated arsenites usually 
carry down an excess of arsenious acid, v nd are not easily ob- 
tained in a* definite state. 

Arsenic acidy ASO 5 , 1440.1 or 115.34. — This acid is^obtained 
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by heating powdered arsenious acid in a bason, with an equal 
quantity of water, and adding to the mixture at the boiling <jM)int 
nitric acid in small quantities^ so long as ruddy fumes escape. 
An addition of hydrochloric acid to the water is generally made, 
to increase the solubility of the arseiiious acid, but it is not al>- 
solutely necessary. The solution of arsenic acid is then eva. 
porated to dryness, to expel the rjpmaining nitric and hydro- 
chloric acids, but the dry mass is nLt heated above the melt- 
ing point of lead, otherwise oxygen gas is emitted and arsenious 
acid reproduced. Arsenic acul, thus obtained, is milk-whirip, 
and contains no water. Exposed to air, it slowly deliquesces, 
and runs into a liquid. But notwithstanding this, when 
strongly dried, it does not dissolve completely in water at 
once, and a portion of it appears to be insoluble ; buj tlie 
whole is dissolved by continued digestion^^ Arsenic acid, in 
absorbing moisture from the air, soml3times forms hydrated . 
crystals, u^hich are highly deliqrfescent ; but this acid is easily 
made anhydrous, and does not retain basic water with force, 
like phosphoric acid. Its solution has a sour taste, and red- 
dens vegetable blues. Arsenic acid, indeed, is a strong acid, 
and expels, with the aid of heat, all the volatile* acids from 
their combinations. Arsenic acid undergoes fuiflou at a red 
heat, and is completely dissipated in arsenjous acid and oxy- 
gen at a higher temperature. 

When an equivalent of arsenic acid is ignited with an excess 
of carbonate of soda, three equivalents of carbonic acid arc 
expelled, atod a tribasic arseniate of soda formed, which crystal- 
lizes when dissolved in water, with 24 equivalents of water, 
forming the salt 3NaO,, AsOg + 24HO, isqmoriiious with the 
subphosphate of soda. fThe same salt is obtained by treating 
arsenic acid in solution, with an excess of caustic soda. When 
carbonate of soda is added tO a hot solution of arsenic acid, so 
long as there is effervescence^ a salt is obtained by evaporation, 
corresponding with the cor^mon phosphate of soda, containing 
2 eq. of soda and f eq. of water as bases. This salt affects tljp 
same two multiples, tn its water of crystallization, as phosphate 
of soda, namely 24HO and 14HO, btft most frequently as- 
sumes the smaller jKoportion, forming the salt 2NaO, HO, 
As 05 -fl 4 H 0 . Thi^rseniate is more solubJ[e than the phos- 
phate, and slightly deliquescent in damp air. When to the last 
salt a quantity of arsenic acid is added, equal to what jt already 
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contains, and the solution is higMy concentrated, the salt 
named binarseniate of soda crystallizes at a low temperature. 
This salt contains 1 eq. of soda, <md 2 eq. of water as bases, 
with 2 eq. of water of crystallization, and corresponds with tlie 
biphosphatc of soda. Its ftirmula is NaO, 2HO, ASO54-2HO. 
The binarseniate of potash, which is analogous in composition, 
is a highly crystallizable sarft. It is sometimes prepared by de- 
flagrating arseiiious acid, |dth an equal weight of nitrate of 
^fash. These arseniates of the ^alkalies, which contain water 
af* base, all lose that element at a red heat, but unlike the phos- 
phates they recover it, when again dissolved in water. Arsenic 
acid, therefore, forms only one, and that a tribasic class of 
salts. The arseniates f)f earths and other metallic oxides are 
insolpble in water, but soluble in acids. The arseniate of silver 
( 3 AgO, AsOg) faU^as a precipitate, ofla chocolate brown colour, 
when nitrate of silver \§ added to the solution of an arseniate, 
and affords an indication of tfie presence of arsenic acid. 

Sulphur ets of arsenic. — When the following sulphuret, real- 
gar, is digested in caustic potash, it loses sulphur and leaves a 
brownish lilack powder, having some resemblance to peroxide of 
lead, which is the sulphuret SAsg, according to Berzelius. 
Bisulphuret Sf arsenicy AsS2, is obtained by fusing sulphur 
with an excess of grsenic or arsenious acid. It is transparent 
and of a fine ruby colour after cooling, and may be distilled 
without decomposition. It forms the crystalline mineral realgar. 
Sulp/iarsenious acid or o^rpimeniy As also occurs native. It 
may be prepared by decomposing a solution of arsenibus acid in 
hydrochloric acid, by sulphuretted hydrogen, or by an alkaline 
sulph^iret. Tliis sulphuret has a rich yellow colour, and is the 
basis of the pigment king’s yellow, it is insoluble in acids, 
but is soluble to a small extent in water, containing sulphu- 
retted hydrogen, and also in pure* water, but is precipitated by 
ebullition with a little hydrochloric acid. When heated it fuses 
readily, and becomes crystalline ofi cooling. It is readily dis- 
5[olved by ammonia and solutions ef the fixed alkalies, and is 
indeed a powerful sulphur acid. SulpharsSnic acidy As Sg, falls 
as a yellow precipitate^ having very mlich the appearance of 
orpiment, when at solution of arsenic acid, somewhat concen- 
trated, is decomposed by sulphuretted h?ydrogen. It may be 
sublimed without change \ and gives a mass after cooling, which 
is not crystalline. 
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Chlorides of arsenic.--A. terchloride^ As CI 3 , corresponding 
with arsenious acid, is formed when arsenic is iiitroduccdiinto 
chlorine gas, in which it takes fire and burns spontaneously. 
The same compound is obtained by distilling a mixture of 1 part 
of arsenic, with 6 parts of corrosive jjublimate, as a colourless, 
oily, and very dense liquid. It is resolved by water into arse-, 
nious and hydrochloric acids. A lower chloride of arsenic ap- 
pears to be formed when a mixture of arsenic and calomel is 
distilled ; it is obtained as a dark brown sublimate, mixt with 
calomel. No chloride corresponditig with arsenic acid is knwfi^. 
Tlie bromide of arsenic^ As Br 3 , is formed by the direct com- 
bination of its elements. The iodide of arsenic^ As I 3 , is 
formed, according to Plisson, by digesting 3 parts of arsenic 
with 10 of iodine, and 100 of water, so long as the odx)gr of 
iodine is perceived.* Tke liquid yields evaporation red 
crystals of the iodide. The fluoride of ftsenic is obtained by the , 
distillation of a mixture of fluor spar and arsenious Jicid witli 
sulphuric acid. It is a fuming colourless liquid ; the density of 
its vapour is 2730 (Unverdorben). 

Arsenic and hydrogen.^K solid arseniuret of hydrogen was 
obtained, by Davy, by using metallic arsenic as 4;he negative 
pole (the chloroid), in decomposing water. Ga^-Lussac and 
Thenard have also shewn that the same coiypound precipitates, 
when arseniuret of potassium is dissolved in water. It is a 
chestnut brown powder, which may be dried without change. 
Its composition is not certainly deterjmined. Arsenietted hy- 
drogeuy As H 3 , a gas analogous in constitution to ammonia, is 
obtained by dissolving an alloy of equal parts of zinc and arsenic 
in sulphuric acid, diluted with three times^ its weight of water. 
It is a dangerous poison,* when inhaled even in the mojtimiiiute 
quantity, and should, therefore, be prepared with the greatest 
caution. The density of this gas is 2695, according to M. 
Dumas. It is liquefied W a cold of — 40®. When j)asscd 
through a glass tube, heat^ to redness by a spirit lamp, this 
gas is decomposed and deposits metallic arsenic. The flame of 
this gas, when burndd in air, also deposits metallic arsenic upon 
a cold object exposed * to it. No coiffbination of arseuiCtted 
hydrogen is known ^tli either acids or bases. It precipitates 
many of the metallic solutions, which are precipitated by sul- 
phuretted hydrogen, but not oxide of lead ; its hydrogen alone 
being oxidated by the common metallic oxides, and Jhe arsenic 
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j^recipitating in combination with the metal. This gas, when 
pure^, is completely absorbed by a solution of sulphate of cop- 
per, and As C% precipitated. 

TESTING FOR ARSENIC. 

Poisoning from arseniorus acid is greatly more frequent than 
from any other suijstance. I Hence, a more than usual degree of 
importance is attached to the modes of detecting the presence of 

ionic in minute quantity. Of ^iie different preparations of the 
metal, arsenic acid, and after it arsenious acid, are the most 
poisonous; the salts and sulphurets are so to a much less 
degree. Arsenious aci^ in the solid form and un mixed with 
foreign matters, is easily recognised as a white heavy powder, 
w^hich is tasteless, or nearly so, is entirely folatile by heat, and 
diffuses a garlic odour ifi the reducing flame of a lamp. When 
in solution in w'ater, arsenioils acid may be detected by fluid 
tests, of which the three following are the most important. 

1 . Sulphuretted hydrogen gaSj made to a stream through a 
solution of arsenious acid, produces a precipitate of orpirnent, 
or a golden .yellow solution if the quantity of arsenic be very 
small. In this experiment, the liquid should always be slightly 
acidulated with hydrochloric or nitric acid, and also be boiled, 
afterwards, to complete the precipitation of the sulphuret. 

2. Ammonio-nitrate of silver, is an exceedingly delicate test 
of arsenious acid, whether free, or in combination wnth an alkali. 
This reagent is prepared by adding diluted ammonia to a solu- 
tion of nitrate of silver, till the oxide of silver, which is first 
thrown down, is again redissolved. When the ammonia has 
been added in proper quantity and r\ot in excess, the odour of 
that subslance is scarcely perceptible, and the liquid contains 
in solution the crystallizable ; ammonio-nitrate of silver, 
Ag 0 ,N 05 "I- 2 NH 3 . This test liquid throws down from arse- 
nious acid, the yellow arsenite of silver, which is redissolved 
both by acids and ammonia. A solution of nitrate of silver 
gives the same indication, as the prepared* ammonia-nitrate, in 
an alkaline, but not fei an acid solution of arsenious acid. 
Nitrate of silver produces a yellow precfjntate of phosphate of 
silver, in phosphate of soda or any other ioluble phosphate, of 
the same colour as the arsenite of silver, and which might, 
therefore, be mistaken for the latter. But the action of the am- 
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monio-nitrate is not liable to that ambiguity^ as it does iiorf; 
produce a yellow precipitate iti an alkaline solution of phos- 
phoric acid; the phosphate of silver being then retained in so- 
lution by the ammonia of tlfe reagent, althougli arsenite of 
silver is precipitated in the same circumstances. Roth phos- 
phate and arseniate of silver are indeecf considerably more soluble 
in ainrnonia, than the arsenite of tho same metal. 

3. Ammmiio-snlphate of copper ^ giJes a beautiful green j)re- 
cipitatc, the arsenite of copper, in beVh alkaline and acid solu- 
tions of arsenious acid ; sulpha'^ of copper gives the same pij*?- 
cipitate in the former, but not in the latter. * • 

But in solutions containing organic matter, the indications of 
these tests are sometimes delusive, and often doubtful, parti- 
cularly the indications of the latter two, •Recourse is then had 
to the proper means, of obtaining arsenic in the metallic A)rm, 
in whicli it cannot* be mistaken, from Jhe 3iffuid sus])ected to 
contain arsenious acid. Indeed,pevcn where tlie indications 
of the fluid tests are clear, the reduction test should never be 
omitted, the evidence which it affords being of a superior and 
completely demonstrative character. The reduction test of 
arsenic is practised in two diflterent ways : (1) by the reduction of 
the sulphuret of arsenic by means of charcoal and^ carbonate of 
potash, and (2) by the production, and subsequeiit decomposition 
of the gaseous compound of arsenic and hydrogen. The fol- 
lowing operations arc necessary in the practice of the first 
method : 


REDUCTION TEST OF ARSENIC. 

I. Preparation of the fluid : 

1. Boil the mattejs ^ith water and a few drops^ nitric 
acid. 

2. Strain through calico. 

3. Precipitate animal# matter by an excess of nitrate of 
silver, and subsecAent addition of common salt. 

4. Filter tlirough p^^er. 

II. Precipitatiori of the sulphuret of arsenic: 

1, Transmit a stream of sulphuretted hydrogen through 
the liquid fjjl half an hour. 

2. Heat the liquid in an open vessel fcr a few minutes, 
to cause the precipitate to separate. 
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3. Wash the precipitate by affusion of water acidulated 
with hydrochloric acid, and subsidence. 

4. Dry the precipitate at a temperature not exceeding 
300". 

III. Reduction of th^ sulphuret of arsenic : 

1. Mix the dried precipitate intimately with twice its 
bulk of dry black flux (carbonate of potash and char- 
coal), and heat tJ redness in a glass tube, of the form 
and size of a or 5, exhj|)ited below. 

2. Heat slowly a particle of the metallic crust in a glass 
tube c, and observe the formation of a white crystal- 
line sublimate of arsenious acid. 


Fig. 82. 



Hydrogen cannot be evolved in contact with a soluble or in- 
soluble preparation of arsenic, without combining with the 
metal, which is thus removed from the liquor, in the form of 
arsenietted hydrogen gas. Mr. Marsh has founded, upon that 
fact, a simple and elegant mode of obtaining metallic arsenic 
from arsenical liquors. The stopcock being removed from the 
Fjg. 83. bulbed apparatus represented in the figure, a 
fragment of zinc is^ pkced in the lower bulb, 
and diluted sulphuric poured upon it. The 
stopcock being replaced and closed, the lower 
bulb is soon filled «with hydrogen gas, and the 
acid liquid forced Sito the upper bulb. It is 
necessary to test ^his hydfogen for arsenic, 
which will be found in it, df the zinc itself con- 
tains tiaat metal. The ‘gas for this purpose is 
kindled at the stopcock and allowed to burn 
with a small flame. If stoneware plate be 
(fepressed upon the flame, a black spot of a 
steel-grey colour and bright metallic lustre, 
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is formed upon the surface of the plate, in a few seconds, supi 
posing the gas to contain arsenic, or if a cold object of glas/j be 
held over the flame, at a small Jieight above it, a white sublimate 
of arsenious acid condenses upon the glass. But if llie zinc 
employed contains no arsenic, neither gf these effects is produced. 
The zinc being proved to be free from arsenic, a portion of the 
liquor to be tested, is introduced in\p the lower bulb, in addi- 
tion to the acid and zinc already there / and when the bulb comes 
again to be filled with hydrogen gas,' the latter is burned and 
examined precisely as before.* If the liquor is loaded w«’h 
organic matter, as generally happens with the liquids sub- 
mitted to examination in actual cases of poisoning, the gas may 
be filled with froth, and the evolution of it very slow. But in 
the course of a night, the gas is generally obtained in sufficient 
quantity, and in a proper st;p,te, to permit of an^amination of it. 
Where the gas is evolved freely and without frothing of the 
liquid, a plain bottle with a cork and glass jet will be sufficient 
for this reduction experiment. Then also instead of burning the 
gas at the jet, it may be allowed to escape by a horizontal tubcj 

such as that in the figure, a por- 
tion of which is heatgl to redness 
by a spirit lamp ; tho arsenic con- 
denses within the tube, beyonc 
the flame ancf nearer the aperture 
and forms a metallic crust. Oi 
the extremity of this tube ma) 
be allowed to dip in a solution oi 
nitrate of silver, by which the 
arsenic tted hydrogen is, con- 
densed, and a black bi^y pre- 
cipitate of arseniuret W silver 
formed. This precipitate, \<|^en dried and heated in a glass 
tube, affords a white sublimate of arsenious acid, which may 
afterwards be dissolved bylboiling in a small quantity of dis- 
tilled water, containing 2/ single drop of ammonia, and the 
solution tested for arsenious acid by nitrate of silver and sul- 
phate of copper. (Liebig, Clark). 

When the liquid dkamined contains antimony, that metal 
combines with the nJl^cent hydrogen, and comes off as antimo- 
nietted hydrogen, a gas which when burned, or when heated in 
a glass tube, gives the metal and a white sublimate, in the same 
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Circumstances as arsenic, (L. Thomi^son.) Antimony, however, 
may, be recognized by a peculiarity of its reduction in the ignited 
tube. This metal is deposited in, the tube, on both sides of the 
heated portion of it, and closer to the flame than arsenic, owing 
to the less volatility of antimony. The white sublimate also, 
,if dissolved in water containing a drop of ammonia, will not 
give the proper indications with the fluid tests of arsenic, if the 
metal is antimony. \ 

Antidote to arsenious acid , — ^When hydrated peroxide of iron 
i^s'iFJxed with a solution of arsenious acid to the consistence of 
a thin paste, a reaction occurs by which the arsenious acid dis- 
appears in a few minutes, and the mass ceases to be poisonous. 
The arsenious acid derives oxygen from the peroxide of iron, 
and ^lecomes arsenic acifl, while the peroxide of iron becomes 
protoxide, a prot^seniate of iron being the result, which is in- 
soluble and inert : 

2 Fe 2 O 3 and AsOg = 4 FeO+As 05 . 

The constitution of this arseniate of iron is probably 2 FeO. HO, 
AsOg + ^FeO. Peroxide of iron, when used as an antidote to 
arsenious aqid, should be in a gelatinous state as it is obtained 
by precipitation, without drying. It may be prepared extem- 
poraneously, by adding bicarbonate of soda in excess to any 
tincture, or red solution of iron. 

SECTION IT. 

ANTIMONY. 

Eg, 1612.9 of 129.24 ; (806.4 or 04.62 Berzelius and Turner) ; 

Sb {stibiafn). 

This metal was well known to ihc alchemists, and is one of 
the metals of which the preparations were first introduced 
into medicine. Its sulphuret is rnt an uncommon mineral, 
apd is the source from which the metal and its compounds are 
always derived. ** 

The sulphuret of antftnpny is easily Iteduced to the metallic 
state by mixing together 4 parts of that substance, ^ parts of 
crude tartar and 1,7 parts of nitre, and projX;ting the mixture by 
small quantfties at a time into a red hot crucible. The sulphu- 
ret is also sometimes reduced by fusion with small iron nails. 
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which combine with the sulphur and disengage the antimony. 
Or it may be obtained in a state of greater purity, by igiiiting 
strongly in a crucible, a quantity of the potash-tartrate of imt\- 
mony, and placing the metallic mass obtained, in water, to re- 
move any potassium it may have aypiired. Antimony is a 
'hite and brilliant metal, generally^ possessing a highly latnel- 
lated structure. It is easily obtained iy rhombohedral crystals 
of the same form as arsenic and telluripni. Its density is from 
6.702 to 6.86. It undergoes no change in the air. The point 
effusion of antimony is estimated at 797"; it may be distillc;dr 
at a white heat. This metal burns in air at a red heat, and 
produces copious fumes of oxide of antimony. Antimony com- 
bines in three proportions with oxygen, forming oxide of anti- 
mony and antirnonic acid, Sb03 and SbOr^, whicli correspond 
respectively with arserfous j^nd arsenic acids, and antiinonious 
acid Sb04, which is probably an intertJicdiTitc or compound 
oxide, analogous to the black oxide ftf iron. 

Oxide of antimony y Sb O3, 1912,9 or 153.2 .. — Oxide of an- 
timony may be obtained by dissolving the sulphurct finely 
pounded, and in the condition in which it is known as prepared 
sulphuret of antimony, in four times its weight of concentrated 
hydrochloric acid. Pure sulphuretted hydrogen conies off, and 
the antimony is converted into terchloride ^Sb S3 and 3IJ Cl 
= SI) CI3 and 3IIS.) The clear solution may be poured off, 
and precipitated at the boiling point by a solution of carbonate; 
of potash, added in excess ; the carbonic acid, which does not 
combine with oxide of antimony, escapes* ds gas. Oxide of an- 
timony so prepared, is anhydrous, but is slightly soluble in, 
water ; it is white, but assumes a yellow tint wheq heated.. It 
is fusible at a red heat, anS sublimes at a high temper^re in 
a close vessel, where it cannot pass into a higher state o/oxida- 
tion. The brilliant crystalline^ needles which condense about 
antimony in a state of combustion are likewise tliis oxide. 
They possess the unusual piSsmatic form of arseT)ious acid ol>- 
l^erved by Wohler,* Oxidef of antimony also crystallizes as 
frequently in regular octohedrons, the other form of arsenious* 
acid. It occurs in the •prismatic form, #as a rare mineral, of 
which the density is 5.22^. * ^ 

When a solution ofiffotash is poured upon the bulky hydrate 
of oxide of antimony, which is precipitated from the chloride 
by water, a portion of the oxide is dissolved, but the greater 
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‘•part loses its water, and is reduced in a few seconds to a fine 
greyish, crystalline powder, which is a neutral combination of 
the oxide of antimony with potash. Oxide of antimony enters 
into other salts as a base. 

Sulphiiret of antimontf^ Sb S 3 , 2216.4 or 177»6. — ^The com- 
mon ore of antimony is a tersulphuret, Sb S 3 , corresponding 
with the preceding oxide 0 / antimony. It is rarely free from 
sulphuret of arsenic, which thus often enters the antimonial 
preparations derived from the sulphuret of antimony, but into 
tartar emetic less frequently tlran the others. The same sul- 
• phuret is formed when salts of the oxide of antimony, such as 
tartar emetic, are precipitated by sulphuretted hydrogen, but it 
is then of an orange red colour. When the precipitated sul- 
phuret is dried, it loses water and becomes anhydrous, still re- 
maining of a dull orange colour ; but heated more strongly, it 
shrinks at a pktticuhr temperature, and assumes the black 
colour and metallic lustre ofr the native sulphuret. This sulphu- 
ret is also obtained of a dark brown colour by boiling the pre- 
pared sulphuret of antimony in a solution of carbonate of 
potash, and allowing the solution to cool ; by fusing 2 | parts of 
the prepared sulphuret with 1 part of carbonate of potash, or 
dissolving it in a boiling solution of caustic potash, and after- 
wards adding an acid. This preparation is know^i as Kennes 
mineral. It has a* much duller colour than the precipitated sul- 
phuret, but differs from it only in containing a small quantity 
of an alkaline sulphuret, which cannot be removed by washing 
(Berzelius). When the sulphuret of antimony is oxidated at a 
red heat, much sulphur is burned off, and an impure oxide of 
antimony remains. This matter forms, when fused, the glass of 
antimony y which contains a considerable quantity of undecom - 
posed*§\ilphuret. The glass reduced to powder is boiled with 
bitartrate of potash, as a source jof oxide of antimony, in the 
pharmaceutical preparation of tartar emetic. The oxide of an- 
timony is dissolved out from thd glass by acids, and a sub- 
stance is left which is called saj^n of afdimony. This last 
is a definite compound of oxide and sulphuret of antimony, 
Sb 03 -f 2 Sb S 3 , whiefe also occurs asc a mineral, namely red 
antimony ore. ' ^ 

Chloride of antimony^ Sb CI3, is obtahi^d by distilling either 
metallic antimonfjl or the sulphuret of antimony with corrosive 
sublimate. When heated it flows like an oil, and becomes a 
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crystalline mass on cooling. It is a powerful cautery. This 
salt deliquesces in air, and is troubled, owing to the deposftioii 
of a subsalt. A concentrated sf)lution of cliluride of antiinony 
is also obtained by dissolving the sulphuret of antimony in hy- 
drochloric acid. When this solution'^ is thrown into water, it 
gives a white, bulky precipitate, which# after a time resolves 
itself into groups of small crystals, lun’ing usually a fawn colour; 
it was formerly called the jmoder Ahjaroih, These small 
crystals are an oxichloride of antimony, of wliich the coin))osi- 
tion is 2 Sb Clg + ^SbO^, according to the analysis of JohnsCoi:i« 
and Malaguti. 

Sulphate of antimony^ Sb 03 , 380 .^, is obtained by boiling 
metallic antimony with concentrated sulphuric acid, as a white 
saline mass, whicli is decomposed by water. 

Oxalate of jjotask and dntimony^ K 0 ,^C.jj 03 ^Sb O j, 3 C 3 O 3 . 
— ^This is a double crystallizable salt^of antimony, wliich, like the 
tartrate of potash and antimony, may be dissolved in water 
without decomposition. It is prepared by saturating binoxalatc 
of potash with oxide of antimony. It is soluble, at 48", in ten 
times its weight of watfcr, (Lassaigne.) According to Bussy, 
when binoxalate of potash is digested u})on oxide of antimony in 
excess, two salts are formed, one in oblique prisms, and another 
less soluble, in intricate small crystals; b»t neither is very 
stable. The former is decomposed by much water ; its analysiKS 
gave 3(KO, C^Oa) + Sb O 3 , + 6110.^ 

Tartrate of potash and antimony^ KC)» Sb O 3 + Oj„) 
2110; 41fM.2 4-225 or 333.68 + 18. — This salt, the tartar emetic 
or potash tartrate of antimony of pharmacy, is prepared by 
neutralising bitartrate of potash with oxide of antimony ; 
the oxide obtained by decomposing the chloride or sicrfphate 
of antimony with water answers best for the piirpose. A quantity 
of oxide of antimony may be poiled with three or four times its 
weight of water, and bitartra^ of potash added in small quanti- 
ties till the oxide is entirely di^olved. The filtered solution yields 
the salt, on cooling, in large Transparent crystals, of which the* 
form is an octohedron ^ith a rhombic base ; they become white 
in the air, and lose th^ir water of ciystallization. Tliey are 
soluble in 14 times their weight of cold water, nnd in 1.88 boiling 
water, but not in alcolml. The mother liquor #f these crystals 
becomes a syrupy liquid, and dries up into a gummy mass 
* Journal de PJiarm. 1838, p. 509. 
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without crystallizing, when oxide of antimony has been dissolv- 
ed in excess by the acid tartrate, in preparing the salt. Oxide 
of antimony is precipitated by potash or ammonia from a 
solution of this salt, when concentrated, but not when 
diluted, owing to the ^solubility of oxide of antimony in 
alkalies. Salts of the earths* and basic metallic oxides, such as 
barytes and oxide of sifcrer, throw down from its solution a 
compound of the tart^'ate of antimony, with tartrate of 
barytes, tartrate of silver, ifec (Wallquist.) Strong acids 
•' decompose tlie salt, and produce a precipitate wliich is a mix- 
ture of bitartratc of potash with oxide of antimony, or with a 
subsalt of that oxide. Sulphuretted hydrogen gas throws down 
the orange red sulphuret of antimony from a solution of the 
tartrate, and tliis precipitate affords the most conclusive indica- 
tion of the pT[*?ji«fince of antimony. The' orange precipitate 
should be collected, dried, and dissolved by heat in a few drops 
of concentrated hydrochloric acid. When the acid solution is 
dropped into a glass of water, the white and bulky hydrated 
oxichloridc of aitimony precipitates. 

This salt was formerly described as d double tartrate of potash 
and antimbny, or, abstracting its water of crystallization, which 
is differently stated at 2 and 3 equivalents, as KO, (C4II2O5) 
-f !Sb03, (C4H2f^«3)‘ When the atomic weight of tartaric 
acid is doubled, and it is represented as a bibasic acid, the for- 
mula for dry tartar emetic becomes KO. SbOj, (CgH^Ojo). 
In comparing the las^t, formula with that of bitartrate of potash, 
represented also as a bibasic salt, KO. HO, (CgH^Ojo), it is 
observ^ed that 1 eq. of oxide of antimony takes the place of 1 
eq. of water,* as base, although the former contains three eq. of 
oxyg^\ and the latter only one. • Tartrate of potash and anti- 
mony is, in this respect, an anomalous salt. Another equally re- 
markable fact respecting this salt*qas been observed by M.Dumas, 
namely, that 2 eq. of water are "Separated from the anhydrous 
salt at 428®, leaving a substance^ of whic|^ the elements are, 
H2 0^2 Sb K. The first part of this formula Cg H2 Ojg, 
M. Dumas looks upon as a quadribasic" salt-radical existing in 
tlie tartrates, which m hydrated tartar;c acid is united with 4H, 
in bitartrate of potash with 3H-f K, ancj in tartrate of antimony 
and potash witfc Sb-f K. Here Sb is ^und equivalent to, and 
capable of replacing 3H, (note p. 542). Tartrate of antimony 
and potasli would, therefore, fall to be represented by K Sb, 
(Cg H2 2140 + water of crystallization. 
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' Antimonioiis acid^ Sb O 4 , is obtained by oxidating metallic 
antimony by nitric acid, or by roasting tlic sulphuret of Anti- 
mony. It is the state of oxidation into wliich both oxide of 
antimony and antimonic acid pass, when ignited in open air. 
Antimonious acid is infusible and and is redu(*e(l to the 

metallic state with much greater difficulty than oxide t)f anti- 
mony. Fused with potash and separfited afterwards from tlie 
alkali by an acid, it is obtained as a \ hydrate, containing 1 eep 
of water, and having an acid Reaction, SbO^-fHO. It may 
also be viewed as a compound of antimonic acid with oxide ot 
antimony. 

When hydrated antimonious acid is digested in hydrochloric 
acid, a solution is obtained which is supposed to contain a cor- 
responding chloride of antimony Sb CI 4 . A corresponding •sul- 
phuret of antimony ^las alsb been formed. 

Antimonic acid^ Sb O^, is most easily prepared by the 
oxidation of oxide of antimony, by nitric acid, as arsenic acid is 
prepared from arsenious acid. The excess of nitric acid should 
then be expelled by a heat short of redness. Antimonic acid is 
a pale yellow powder, tasteless and insoluble in water. It dis- 
places carbonic acid from the alkaline carbonates, and combines 
with the alkali. It is also soluble in a boiling sofution of po- 
tash, from which acids precipitate hydrated antimonic acid as a 
white powder. In the hydrated state antimonic acid is soluble 
in hydrochloric acid, and also in solutions of the alkalies, with- 
out heat. Aniimonlate of soda is un«r;ystallizable. Ant mo- 
7iiate of potash is prepared by deflagrating a mixture of 1 part 
of antimony, or of sulphuret of antimony, and 6 parts of nitre. 
The mass is first digested in cold water, which* dissolved out 
nitrate and nitrite of potash/ and leaves antimoniate of potash. 
When this residue is digested jn boiling water, a binantimoniatc 
of potash is left, and the i^cutral antimoniate dissolved out. 
The solution is feebly alkalin^; when concentrated to the consis- 
tence of honey, itjgives cry^lline grains. All acids, even the 
carbonic, occasion a precipitate in this solution, which is the 
binantimoniate of potash, KO, Sbg When a soluble salt 

of lime or of zinc is treated, at the boiling point, with the solu- 
tion of the neutral antimoniate of potash, klie antimoniate of 
lime or of zinc separdfes in a crystalline stat« ; other salts of 
antimonic acid fall as an insoluble powder, when solutions of the 
different metallic oxides are precipitated by the neitfral salt. 

T T 2 
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Many of the metallic antimoniates, particularly those of cobalt 
and*copper, lose first their combined water when heated, and 
afterwards glow strongly when tfeated to redness. After that 
change, these antimoniates are not soluble either in acids or 
alkalies. 

Sulphantimonic adt/y^Sb Sg, is obtained when antimonic acid 
^ or the following chloride^ of antimony is precipitated by sul- 
phuretted hydrogen. It is of a much paler red colour than the 
other sulphurets of antimony, apd constitutes the golden sul- 
phiiret of antimony of several pharmacopeias. 

Pentachloride of ayitimomj^ Sb CI5, is formed when metallic 
antimony in powder is gently heated in chlorine gas. The an- 
timony burns with scintillations, and a colourless or slightly 
yell«w coloured liquid distils over. Th^s chloride condenses 
olefiant gas as rSfeudily as chlorine, arid form's the Dutch liquid, 
tlic pentachloride being reduced at the same time to terchloride 
of antimony. 


ORDER V. 

METALS NOT INCLUDED IN THE FOREGOING CLASSES, OF WHICH 
THE OXIDES? ARE NOT REDUCED BY HEAT ALONE. 

URANIUM. LANTANUM. 

CERIUM TANTALUM. 

URANIUM. 

2711.4 or 217.26; U. 

Tlii^metal is derived from the n}incral pitchblendey which con- 
sists principally of protoxide of uranium. The mineral is dis- 
solved in aqua regia, and a stream of sulphuretted hydrogen 
passed through the liquor, by which copper, lead and arsenic are 
precipitated. The liquid is afterwards boiled, and the protoxide 
of iron peroxidised by means of nitHc acid. ‘ An excess of am- 
monia is then added to the liquid, and the precipitate formed of 
oxides of uranium, kon, cobalt and zinc, is washed, then 
treated with a dilute solution of carbonate of ammonia, which 
leaves the peroxide of iron, and dissokres the other oxides. 
By boiling^the yellow solution, the carbonate of ammonia is ex- 
pelled, and the oxides precipitate. These are dried and ignited, 
by which protoxide of uranium is rendered insoluble in acids. 
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The other oxides are dissolved out of tlie i^rnited mass l)v hy- 
drochloric acid, the protoxide of uranium remaining as a.very 
fine, dark grey powder, wdiiclvs received on a filter and washed 
well. Protoxide of uranium, obtained in this manner, may 
be dissolved, with the aid of heat, in concentrated snl|)hiiric aeid. 

The peroxide of uranium is easily ^educed l)y hydrogen., 
Arfwedson obtained the metal by jmssing hydrogen ovi r tlie 
double chloride of uranium and polassinrn at a red heat, in tlu' 
form of little regular octohedrons of a brilliant metallic lustre, and 
of a dark grey colour, almost black. The density of this nw*faj 
is 9.00. It combines with oxygen in two proportions, forming 
a protoxide, U O, and peroxide U .2 O 3 . 

Protoxide of uranmm^ Ur amus oxide^ U O, 2811.4 or22S.2G, 
— This oxide is obtained when an alkali is added to a solution of 
any of its salts, as a^cenisih grey hydrate, whi>-h soon bc(u)mcs 
yellowish, and is finally converted intfc uranic oxide by the 
oxygen of the air. Carbonate of finnnonia added in ex(!ess to 
a uranous salt, redissolves the precipitate find forms a green 
solution. The uranom chloride^ U Cl, forms a green syrupy 
solution which does not crystallize. The urunoua snlphutc 
yields, by evaporation, green prismatic crystals, 'lilns oxide is 
employed in painting upon porcelain, and yields a*])lack of tlie 
greatest purity.* 

Peroxide of uranium^ Uranic oxide^ U 2 O ,, 2911 4 or 233. 2G- 
— AVhen an alkali is added to a srdt of this oxitle, a eoni|)oiin<l 
of uranic oxide and the alkali is preci|ntatcd and not the liy- 
drated oxide itself; but the latter may be obtained by the nxi- 
dation of uranous oxide. The uranic hydrate is of a yellow 
colour, has an acid reaction upon litmus, luid if# dec'omposcd 
by heat, allowing water aruj oxygen to escape, while nranous 
oxide remains. Uranic oxide forms insoluble compounds wit h 

* The atomic weight of uranium, indicated by the ^specific heat of tlu* uu^taJ, is 
only 677.8, or one-fourth of the ruimbcr hitherto received, aeeoidiug to ruHv 
researches of M. Rcgnault, (An. dc (Ih. ei de Fh. t, 7li, p. 71.) 'Fl»e itxidc of oa 
nium, at present considered as the protoxide, comes then to be lh*gnawlt 

has added greatly to the v#lue of specific heat, as an element in fixing atomic 
weights, by confirming DuIon^*8 general results by new cx]>erimeiils, and also by 
removing several of the except^ns to the law, thaj all simple atoms liavi' tlu' same 
capacity for heat, noticed at page 124. The elements eniiiuerated below have the 
same capacity for heal, in ^ic following atomic proportions, by Regnuult’s experi- 
ments : 

Bismuth . 1330 Cobalt , 369 Antimony . 806.1 

Silver . . 675.5 Selenium 404.6 Pliospliorus . ]06.1 

Uranium . 677.8 Arsenic 470 Carbon . . 1;)2.!) 
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the alkalies, alkaline earths and otlier metallic oxides. It is 
soluble in alkaline carbonates, particularly the bicarbonates, 
and the solution deposits, after a time, lemon yellow crystals of a 
double carbonate. The alkaline and earthy uranates assume, 
when ignited, a deep and^very beautiful orange colour, which is 
most intense in the conypounds with excess of base. This oxide 
is employed to colour glass of a delicate lemon-yellow tint. 

Sesqui-chloride of uranium^ U2 CI3, is very soluble in water, 
alcohol and ether. It forms a double salt of remarkable beauty 
jyltli chloride of potassium, which crystallizes from a syrupy 
solution, 3KCl-f U2Cl3*f 6HO. 

The uranic sulphate combines with sulphate of potash in 
three different proportions, forming the salts : 

2(KO, S03) + U203, 3SO3. 

5503) + U2O3, ^803+^3110 
3KO, 4363 +,U2 O3, 3SO3 + 6HO. 

The proportion of the sulphuric acid and potash in the last 
salt is very extraordinary, but is the result of exact experiments, 
(Berzelius). The formula, however, is not to be supposed to 
express tliQ proximate constitution of the salt. 

Tlie uranh nitrate is obtained by a slow evaporation in large 
tables, which like the other salts of this oxide are of a yellow 
colour. The nitrate is highly soluble both in water and alcohol. 
Uranic oxide is also said to form an acid salt with nitric acid, 
which is less soluble and more easily crystallized than the 
neutral salt. ‘ * 

The mineral uranite is a double phosphate of lime and ura- 
niunv of wh^h the formula is 3Ca O, P05 + 2(U2 O3, PO5) -f 
24H0.^ 

CERIUM. 

Eq. 574.7 or 4-05; Ce. 

This metal was named Cerium Jjy Hisinger and Berzelius, 
from Ceres. Although not an abundant, element, it is found in 
a considerable number,pf minerals all fi;om Sweden and Green- 
land. The mineral ceriie is a cerous uilicate, containing 68.6 
per cent of cerous oxide, with small q^^antities of lime and 
peroxide of irotf. This mineral is boiled in aqua regia, by 
which the silica is separated, and the other oxides dissolved. 
The iron is precipitated by benzoate of ammonia, and then 
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ammonia added to the liquid, which throws down a mixture of 
cerous and ceric oxides. The oxides of cerium arc rcdiu'cd with 
difficulty, but by decomposing the cerous chloride by ]A)tas- 
sium, the metal was obtained by Mosander as a i)ulvcrulont 
mass of a dark chocolate brown, which gave a gre y metallic 
trace under the burnisher. It oxidaf^s quickly in water, disen- 
gaging hydrogen gas, particularly when tfte water is a little heated/ 

Protowide of cerium^ Cerous oxide^ Ce O, is procuired by cal- 
cining the mixed oxides of cerium, obtained as already described, 
by precipitating the solution ^f cerite in an acid by ammonia, 
till chlorine is no longer disengaged, as perceived by its odouf . 
The salt that remains, when dissolved in water and precipitated 
by an alkali, gives the hydrate of cerous oxide, which soon 
becomes yellow in the air. The cerous* salts are generally co- 
lourless, although ^mc of them have an amethystine colour, 
like the salts of manganese. Their tastg is ?>w6et and afterwards 
astringent and they greatly resemble the salts of yttria. From 
these they may be distinguished by forming a salt with sulphate 
of potash of small solubility. They are precipitated white by 
the yellow prussiate of potash, not affected by sulphuretted 
liydrogen, and precipitated by an alkaline sulphuret witli dis- 
engagement of sulphuretted hydrogen gas. 

Peroxide of cerium, Ceric oxide, Ccg O3, is obtained by cal- 
cining the cerous nitrate or carbonate. The ignited oxide is 
brick red and pulverulent, easily soluble in acids, from which it 
is thrown down by an alkali as a mucilaginous matter, of a 
clear yellow colour, which is the bydrjftftd oxide. This hydrate 
is not soluble in caustic alk&lies, but alkaline carbonates dissolves 
a small quantity of it and become yellow. An intermediate 
compound, the ceroso-d^ric oxide, is obtained wlien ceric oxide 
is exposed to hydrogen a£ a red heat. It is a lenv>n yellow 
powder, wdiich passes intovceric \)xide by conjbustion in air. 
The salts of ceric oxide are ^distinguish^ d from those of cerous 
oxide by their yellow anchsometimes orange colour, by their 
taste wdiich is sweetish-sour and strongly astringent. Tliey arc 
decomposed when Ipiled with hydrochloric acid, and converted 
into cerous salts with.evolution of chlqfine. 

I.ANTANUM. 

The oxide of this new’’ metal was lately discovered by Mo- 
sander to exist in the cerite of Bastnas, forming indeed two 
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fifths of what is extracted from that mineral, by the ordinary 
process, as oxide of cerium. This throws considerable un- 
certainty over our knowledge of cerium, as the observations 
of chemists have not been made upon a pure substance. The 
new element alters but little the properties of cerium, and lies, 
therefore, as if concealed ^n it; it was that fact which induced 
'M. Mosander to applj^the name lantanum to the new metal. 
The oxide of lantanum is not reduced by potassium, but this 
metal separates from the chloride of lantanum a grey metallic 
powder, which undergoes oxidation in water, with disengage- 
ment of hydrogen gas, changing into a white hydrate. 

Oxide of Imiianum, — -It is prepared by calcining the nitrate 
of cerium as it is mixed with nitrate of lantanum. The oxide 
of cerium loses its solubility in very dilute acids, while the 
oxid^ of lantanum may be taken up by nitr<c acid diluted with 
100 parts of watef^ '•The ignited oxide of lantanum has a brick 
red colour, which does not appear to be due to oxide of cerium. 
It changes in hot water into a white hydrate, which makes red 
litmus paper blue. This oxide is so powerful a base, that when 
digested in a solution of sal ammoniac, it dissolves by degrees, 
expelling the ammonia. The atomic weight of lantanum is 
smaller than' jthat assigned to cerium or rather to the mixture 
of the two metals, but has not been accurately determined. 

Sulphur ct of laiiianum is produced on heating the oxide 
strongly in tlie vapour of the sulphuret of carbon. It is pale 
yellow, decomposes water with disengagement of sulphuretted 
hydrogen, and becomes' riie hydrated oxide. 

The salts of lantanum have an astringent taste without any 
mixture of sweetness. Their crystals have generally a rose 
tint ; sulphate of potash produces a precipitate in them, only 

when they, are mixed with salts of cerium. 

• 

TANTALUM. 

c 

Syn, COLUMBIUM. Eq. 230(r.4 or 184.9; Ta. 

This metal appears to have been first observed in 1801, by 
Mr. Hatchett, in a hlapk mineral belonging to the British 
Museum, and supposed to have come fiom Massachusets in 
Korth America, and* was named columbiui^ on that account. 
M. Ekeberg found^a new metal in 1802, which he called tan- 
talum, in two Swedish minerals, then new, and named by him 
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tantalite and yttrotantalite. Their metal was fully studied l)y* 
Berzelius; and columbium, which had been imperfeetly ex- 
amined by Hatchett, was found by Dr. Wollaston, in 18()<), to 
be the same metal. Tantalum has since been observed in two 
or three other minerals, but all of them among tlie rarest 
species. 

Tantalum is not reduced by carboy, ^jut Berzelius obtained 
it by decomposing the double fluoride of silicon and potassium 
by potassium. It was a black powder, which could be washed 
and dried, and assumed an iron* grey metallic lustre undertone 
burnisher. It took fire in air below a red heat and burned* 
with much vivacity, yielding tantalic acid. No acid has a sen- 
sible action upon tantalum except hydrofluoric acid. Tantalum 
combines with oxygen in two proportfons, forming tantalic 
oxide, Ta Oj, and taj^talic ycid, Ta O3. 

Tantalic oxide, Ta O 2 , 2507.4 or 200 ^.— ^Tliis oxide is ob- 
tained on exposing tantalic acid in a charcoal crucible to the 
heat of a wind furnace, for an hour and a lialf. With the ex- 
ception of the external film immediately in contact with the 
charcoal, which is metallic tantalum, the mass of acid is con- 
verted into tantalic oxide. This oxide is of a dark grey colour, 
its particles are so hard as to scratch glass ; it is spluble in no 
acid, not even in aqua regia or hydrofluoric mixed with nitric 
acid. The name tantalum w^as applied to tli^ metal by Ekeberg, 
on account of this insolubility of its oxide in acids, in allusion 
to the fable of Tantalus. Heated to low redness in air, it burns 
slowly, and is converted, although nof lentirely, into tantalic 
acid. 

Tantalic acid, Ta O 3 , 2d07.4 or 208.9.— It is in the state of 
tantalic acid that tantaluip exists in most of its minerals^ com- 
bined with the oxides of iron and manganese in tan tali to, or with 
yttria in yttrotantalite. Thd*^acid may be obtained by fusing 
the mineral with carbonate of potash, and decomposing the tan- 
talate of potash formed, b^ an acid, and also by fusion with 
bisulphate of potish (Berzelius, Traite, I, 892). It presents 
itself as a white pov^ler, which reddens litmus paper; wlufn 
distilled in a retort, it parts with its w^er, which amounts to 
11 ^- per cent, Ta f 3 fIO, and loses *1116 latter property. The 
density of the ignite^, acid is 6 . 5 , in this state it is attacked by 
alkalies-only. Tantalic acid dissolves by fusion in bisulphatc 
of potash, and when hydrated in binoxalate of potash by the 
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“humid way. It is dissolved in small quantity by concentrated 
sulphuric acid, but precipitated from that solution by water. 

Sulj)hotantalic add^ TaS,, is prepared with most advantage 
by exposing tantalic acid, to a bright red heat in a porcelain tube, 
and passing bisulphuret of carbon over it. It forms a grey 
pulverulent matter, having much the appearance of plumbago. 
It is a good conductor hf flectricity. 

Chloride of tantalum^ TaClg, obtained on heating tantalum 
in pure chlorine gas, is, in the state of vapour, a yellow gas re- 
sqpibling chlorine, which condenses into a white floury powder, 
having a shade of yellow, and in no way crystalline. 

Tantalic acid dissolves in alkalies and forms salts, but they 
are not crystallizable and are decomposed by all other acids 
even by carbonic acid.* 


ORDER VIII. 

METALS OF WHICH THE OXIDES ARE REDUCED TO THE METALLIC 
STATE BY HEAT (NOBLE METALS.) 

SECTION I. 

MERCURY. 

£(/. 1265.8 Of 101.43; Hg {hydrargyrum.) 

Mercury or quicksilver, as it is named from its fluidity, has 
been .known from all antiquity. The^ most valuable European 
mines of this metalare those of Idri^ in Illyria, and Almaden in 
Spain. It is found, to a small extent, in the metallic state. Its 
principal ore is a sulphuret, natj^^e cinnabar, from which the 
metal is obtained by distillation with lime or iron. The quick- 
silver of commerce is in general^ a highly pure substance. 
When contaminated with other metals, its fluidity is remarkably 
impaired. Mercury may be purified by distilling it from half 
its weight of iron turirfngs, or by digesting the metal with a 
small quantity of i\itric acid, or with a ^solution of chloride of 
mercury, which rids it of the metals more midable than itself. 

Mercury is liquid at the usual temperature, its colour is white 
with a shade of blue when compared with silver, and it has a 
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high metallic lustre. When pure, its surface does not tarnisli inf 
air. At B9 or 40 degrees below zero, mercury becomes solid ; it 
crystallizes in regular octohedrpns. According to M. Kupffer, 
the density of mercury at 39.2® is 1B.5886; at 62.0*", i:^.55()9. 
and at 78.8®, 13.535. In the solid state, its density is about 
14.0. At 662® it boils, forming a cmourless vapour, of which 
the density was observed to be 6976, ^y^umas ; the theoretical ’ 
density is 6978. Mercury emits a sensible vapour between 68® 
and 80®, but not under 40®. When heated near its boiling 
point, mercury absorbs oxygen«from the air, and forms crystal- 
line scales of the red oxide. It is not affected by boiling 
hydrochloric or diluted sulphuric acid, but is readily dissolved by 
diluted nitric acid. This metal never dissolves in hydrated 
acids, by substitution for hydrogen. Mercury combines with 
oxygen in two projections, forming the black oxide, wliifflli is 
generally considered a suboxide, IIg 2 O, &nd the red oxide, 
comj)osed of single equivalents, Hg O, both of which are bases. 
The equivalent of mercury is then assumed to be 1265.8; but 
whether it should be this number or a multiple of it by two, we 
have no certain means of deciding, while in ignorance of any 
isomorphous relation of mercury with the magnesian metals. 

MERCUROUS COMPOUNDS. 

Suboxide of mercury (black oxide) ^ Mercurous oxide^ Hgg O, 
2631.6 or 210.86. — This oxide is obtained by the action of a 
cold solution of potash, used in excess, uj^on calomel. They 
should be mixed briskly together in a mortar, in order that the 
decomposition be as rapid a'i’ possible, and the oxide be allowed 
to dry spontaneously in a dark place. Mr. Donovan finds 
these precautions necessary, from the disposition which this oxide 
possesses, to resolve itself into metallic mercury and the higher 
oxide. The decomposition cf mercurous oxide is promoted by 
elevation of temperature, and by exposure to light. The 
mercurous oxide is a black powder, of which tlie density is 
10.69 (Herapath)^ it unites with acids and forms a class of salts. 
It is precipitated as tjie black oxide by lime-water and the pure 
alkalies, and by alkaliiie carbonates as ^ white carbonate, which 
soon becomes black fi^om decomposition. Its soluble salts are 
all partially decomposed by pure water, which combines with a 
portion of their acia, and throws down a subsalt containing an 
excess of oxide. They are precipitated black by sulphuretted 
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•hydrogen. The salts of the same oxide are decomposed by 
hydrochloric acid and soluble chlorides, with precipitation of 
calomel as a white powder, a property by which they are distin- 
guished from the salts of the red oxide of mercury. 

The salts of this, and^also of the red oxide, are reduced to 
the metallic state by cc^pper and more oxidable metals, and by 
the proto compounds tin. Tflie precipitated mercury often 
presents itself as a grey powder, in which metallic globules are 
not perceived, and remains in this condition while humid. 
Afercury in this divided state possesses the medicinal qualities 
bf the milder mercurials, and has often been mistaken for black 
oxide. To obtain precipitated mercury^ equal weights of 
crystallized protochloride of tin (salt of tin) and corrosive sub- 
limate may be dissolved, the first in diluted hydrochloric acid 
and* the second in hot water, and, the sjolutions mixed with 
stirring. The salt* of ♦ tin assumes the whole chlorine of the 
corrosive sublimate, becoming bichloride of tin, which remains 
in solution^ while the mercury is liberated, and forms so fine a 
precipitate, that it requires several hours to subside. It may be 
washed by affusion of hot water and subsidence, and slightly 
drained on a filter, but not allowed to dry. There can be no 
doubt that iti is in this divided state, and not as the black oxide, 
that mercury is obtained by trituration with fat, turpentine, 
syrup, saliva, &c., m many pharmaceutical preparations. 

Subsulpkuret of mci'cury^ Hgg S, is obtained by the action of 
sulphuretted hydrogen on a solution of the mercurous nitrate 
or upon calomel, as* a black precipitate. This sulphurct is 
decomposed by a gentle heat, and resolved into globules of 
mercury and the higher sulphuret, 

Subcliloride of mercury ^ Calomely HggCl, 2974.8 or 238,38. 
— A variety of processes are given by pharmacians for the pre- 
paration of this remarkable substa/ice. It may be obtained in 
the humid way, by digesting l| pajts of mercury, with 1 part of 
pure nitric acid, of density from^^.2 to 1.25, till the metal 
ceases to be dissolved, and the liquid has begun to assume a 
yellow tint. A solution is also prepared of 1 part of chloride of 
sodium in 32 parts of (Jistilled water, to^ which a certain quan- 
tity of hydrochloric acid itf added, and tMis when heated to near 
the boiling point, is mixed with the mercifrial salt. The mer- 
cury acquires the chlorine of the common salt, and the sub- 
chloride of mercury formed precipitates as a white powder, while 
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the nitric acid and oxygen are resigned by tlic mercury to the 
sodiuni; which becomes nitrate of soda : Na Cl and Ilg.^ O, NO^ 
= Hga Cl and NaO, NO^. ^Che excess of acid in this process 
is intended to prevent the precipitation of any subnitrate of mer- 
cury, which the dilution of the nitrate of mercury, on mixing 
the solutions, might occasion the formation of. Calomel is also, 
o])t:iined by rubbing together, in a lAortar, 4 parts of chloride 
of mercury (corrosive sublimate) with 5 parts of running mer- 
cury. The mixture is afterwards introduced into a glass bal- 
loon, and sublimed by a heat ^gradually increased. Here -dig 
chloride of mercury combines with mercury, and the subchlo- 
ridc is produced. The same result is obtained by mixing the 
sulphate of red oxide of mercury, with as much mercury as it 
already contains, and about one third of its weight of chlgride 
of sodium, and sublihiing the mixture. The wipour of the sub- 
chloride of mercury, in these sublimatTons, is advantageously 
condensed by conducting it into a Vessel containing hot water; 
the vapour of the water then condenses the salt in an extremely 
fine and beautifully white powder. The product of this opera- 
tion is recommended by its purity, as well as its minute divi- 
sion, for chloride of mercury, by which the subchforide is ac- 
companied, is dissolved by the water. It appears tfiat whenever 
the subchloride is sublimed, a small portion of it is resolved 
into mercury and the chloride. To prepare the calomel for 
medical use, as it is usually condensed in a solid cake, it must, 
therefore, be reduced to a fine powder, and also be washed with 
hot water to remove the soljjble chloride. 

Subchloride of mercury is obtained by sublimation in four- 
sided prisms, terminated by summits of four facis. When the 
solid cake is finely pounde^ the salt acquires a yellow tinge. 
The density of this salt in the solid condition is 6.5*; in the 
state of vapour 8200, one volume of which contains one volume 
of the vapour of mercury and half .a vohame of chlorine. This 
salt is so highly insoluble in water, that when the mercurous 
nitrate is added to hydrochloric acid diluted with 250,000 times 
its weight of water, a^sensible precipitate of subchloride of mer- 
cury appears. When 'boiled for a loSg time in hydrochloric 
acid, this salt is resolved into cliloricie of .jpercury which dis- 
solves, and mercur}! which is reduced. ^ 

Action of ammonia on subchloride of mercury . — ^The dry sub- 
chloride was found by Rose to absorb half an equivalent of am- 
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monia^ and to become black. Exposed to air the compound 
loses its ammonia, and the subchloride of mercury recovers its 
white colour. This ammoniacaU compound is 2Hg2 Cl-f-NH3. 
When calomel is digested in solution of ammonia, it becomes 
black, and was found !;;;»■ Dr. Kane to be converted into a 
double subamide and mbchloride of mercury^ a portion of sal 
ammoniac being dissolved by the water at the same time : 

2Hg2 Cl and 2NH3 = Hg^ Cl + Hg^ NH^ and NH^, Cl. 

This compound is not altered by boiling water ; when quite dry, 
it is of a grey colour. 

Subbromide of mercury^ Hg2Br, is a white insoluble pow- 
der,^ resembling in all respects the subchloride, and formed in 
similar circumstances. A boiling solution'^of chloride of stron- 
tium was found by LoeSwig to dissolve 3 equivalents of calomel, 
of which 1 eq. precipitated, 'during the cooling of the solution. 
When the filtered solution was evaporated, it deposited a salt 
in small crystals, Sr Br + 2Hg2 Br. These crystals. were decom- 
posed by pure water, and resolved into the insoluble subbro- 
mide Hg2 Sr, and a double salt which dissolved easily and cry- 
stallized by evaporation, Sr Br4 Hg2 Br. 

Subiodide of mercury ^ Hg2 I, is obtained by precipitation as 
a green powder, which is red when heated. It is also formed 
by triturating mercury and iodine together in a mortar, with a 
few drops of alcohol, in the proportion of 2 eq. of the former to 
1 eq. of the latter. Another iodide^of mercury was obtained by 
Boullay, by precipitating nitrate of suboxide of mercury with a 
solution of iodide of potassium, to wl\ich half an equivalent of 
iodine “had been previously added. ' It is a yellow powder, 
which may be washed with alcohol ; from its composition it ap- 
pears to be a compound of single equivalents of neutral iodide 
and subiodide of mercury, Jig I •fjlg2 I* 

No mbcyanide of mercury exists, audit is doubtful whether a 
subfluoride^ corresponding with the suboxide has been formed. 

Carbonate of black oxide of mercury, 5 Ig O2, CO2, precipi- 
tates as a white powdef, when an* alkaline carbonate is added 
to the nitrate of tl||t same oxide. The precipitate becomes grey 
when the liquid ^containing it is boiled, md carbonic acid es- 
capes. Thfs carbonate is soluble both in carbonic acid water, 
and in an excess of alkaline carbonate. 
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Sulphate of black oxide of mercury^ Mercarms sulphate, HgO, 
SO3; 3132.8 or 251.04. — It is obtained by digesting 1 parj; of 
mercury in 1 1 parts of sulphuric acid, avoiding a high tempera- 
ture, and interrupting the process as soon as all the mercury is 
converted into a white salt. It is als# precipitated when sul- 
phuric acid is added to a solution. of thf, nitrate of the same 
oxide. The salt may be washed with •a little cold water. It 
crystallizes in prisms, and requires 500 times its weight of cold 
and 300 of hot water to dissolve it. With water of ammonia this 
salt gives a dark grey powder, containing ammonia or its elemeiits.^ 
Nitrates of black oxide of mercury. Mercurous nitrates. — The 
nexdral nitrate is obtained, when mercury is dissolved in an 
excess of cold nitric acid, and crystallizes readily in transparent 
rhombs. It is soluble with heat in a small quantity of w^ter, 
but is decomposed by a large quantity of water, and an in- 
soluble subsalt formed, unless nitric acid be added to the water. 
The formula of this salt is Hg2 0,*N05-|-2H0. A subnitrate 
is formed when the black oxide is dissolved in a solution of 
the preceding salt, or when an excess of mercury is digested 
in diluted nitric acid at the usual temperature. It crystallizes 
readily in white and opaque rhombic prisms, whiah contain, 
according to both G. Mitscherlich and Kane, 2N©5, SHgg O 
and SHO. This salt was observed by the former chemist to 
be dimorphous. When dissolved by dilute nitric acid, it gives 
the neutral salt. The subnitrate is soluble in a little water, 
but when treated with a large quantity, it leaves undissolved, like 
the neutral nitrate, a white pj^wder, which* as long as the super- 
natant liquid is acid retains its colour, but if it be washed with 
water becomes yellow. TJne yellow subnilrate of^mercury was 
found to contain NO5, 2Hg^ O and HO (Kane). When very 
dilute ammonia is added to the preceding soluble nitrates, 
without neutralising the whole*acid, a velvety black precipitate 
falls, know as Hahnemann’s soiuble mercury. This salt contains, 
according to the analysis of G. Mitscherlich, NO5, 3Hg2 O and 
NHg. But when pains were taken to avoid decomposition of 
the salt in washing it, •its composition was found by Dr. Kane 
to be NO5, 2Hg2 O and'NHg. ^ ^ 

Acetate of black omde of mercury, Hg, 0,0411303, falls, 
when acetic acid or anfacetate is added to the nitjate, in crystalline 
scales of a pearly lustre. It is anhydrous, and sparihgly soluble 
in water. 
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MERCURIC COMPOUNDS. 

Oxide of mercury (red oxide) ^f^Mercuric oxide^ Hg 0, 1365.8 or 
109.43. — ^This compound is formed by the oxidation of mer- 
cury at a high temperature, as has already been described, or 
by heating the nitrate of mercury till all the nitric acid is 
expelled, and the mass,* calcined almost to redness, no longer 
emits vapours of nitric oxide. As prepared by the last process, 
oxide of mercury forms a brilliant orange-red powder, crystallized 
(,ih‘plates, and having the density 11.074. Ij; is very dark red at a 
high temperature, but becomes paler as it cools. When reduced 
to a fine powder it becomes, yellow, like litharge, without any 
shade of red. It wan found by Mr. Donovan to be soluble to 
a small extent in water. If contaminated with nitric acid, it 
gives off nitrous, fumes when heatedin a gVass tube, and a yellow 
sublimate of subnitrate also appears. This oxide is known in 
pharmacy as red prectpitaiel The same substance is obtained 
by precipitation, when a solution of corrosive sublimate is 
mixed with an excess of caustic potash, as a dense powder of a 
lemon-yellow colour. It is necessary to use the potash in excess, 
otherwise c. dark brown oxichloride is formed. The precipitated 
oxide parts Vith a little moisture, when gently heated, but does 
not change in appearance. At a red heat, the oxide of mercury 
is entirely volatilised in the form of oxygen and metallic mer- 
cury. 

When water of ammonia is digested for several days upon pre- 
cipitated oxide of mercury, the la^^er is converted into a yellow- 
ish-white powder, which Dr. -Kane considers as Hg, NHg-f 
2Hg.O+3Hf), or a hydrated compound of amide and oxide of 
mercury. 

Sulpimret of mercury ^ Cinnabar y HgS, 1467 or 
This is the common ore of mercury, and sometimes occurs 
crystallized forming a*beautiful v^milion. It is prepared arti- 
ficially, by fusing one part of su^ur in a crucible, and adding 
to it by degrees six or seven parts of mercury, stirring it after 
each addition, and covering it to preserve? it from contact of air, 
when it inflames frorif the heat evolved in the combination. 
Tire product is exposed to a sand bath' heat, to expel the sul- 
phur uncombine^ with mercury, and af erwards sublimed in 
a glass m&trass by a red heat. A brilliant red mass of a 
crystalline structure is thus obtained, which when reduced to fipe 
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powder forms the lively red pigment, vermilion. This sulphuret 
is black before sublimation. It is precipitated black also \sfhen 
sulphuretted hydrogen is sent through a solution of corrosive 
sublimate ; but is of the same composition in both states. The 
sulphuret of mercury, however, may hf obtained of a red colour 
without sublimation, or in the hunjid way, by several methods. 

Liebig recommends for this purpose? to moisten the prepara- 
tion called white precipitate, recently prepared, with the 
sulphuret of ammonium, and allow them to digest together. 
The black sulphuret is instantly produced, which in a fc^v, 
minutes passes into a fine red cinnabar, the colour of which is 
improved by digesting it at a gentle heat in a strong solution of 
hydrate of potash. The sulphuret of ammonium used in this 
experiment is prepared by dissolving sulphur in hydrc^ul- 
phuret of ammonia saturation. Cinnabar is, not attacked by 
sulphuric, nitric or hydrochloric acid, nctr by solutions of the 
alkalies, but it is dissolved by aquaVegia. 

Chloride of mercury^ Corrosive sublimate^ 1708.5 or 13G.9. — 
This salt may be formed by dissolving red oxide of mercury 
in hydrochloric acid, or by adding hydrochloric acid to any 
soluble salt of that oxide, but it is generally prepared in a dif^ 
ferent manner. Four parts of mercury are added tt) five parts 
of sulphuric acid, and the mixture boiled till it is converted 
into a dry saline mass. The mercuric sulphate thus obtained 
is mixed with an equal weight of common salt, and heated 
strongly in a retort by a sand bath ; chloride of mercury sub- 
limes and condenses in the ^per part anci neck of the retort, 
while sulphate of soda remains behind with the excess of 
chloride of sodium. The .mercury and sodium haiie exchanged 
places in the salts ; 

Na Cl and Hg O, 803 . 1 = Hg Cl and Na O, SO3. 

• 

Mercury, when heated in a stream of chlorine gas, burns with 
a pale flame, and is converted into a white sublimate of chloride. 
The salt has been ‘prepared on a large scale in this manner^ 
which was suggested £JB a manufacturing process by Dr. A. T. 
Thomson. ^ ^ 

The sublimed chlprid^ of mercury forms § crystalline mass, 
of which the density |is 6.5 ; it fuses at 509®, ^nd boils about 
563®. The vapour of chloride of mercury is colourleSs, its den- 
sity 9420, 1 volume of it containing 1 volume of mercury vapour 
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and 1 volume of chlorine gas* This salt is soluble in 16 parts 
of eold and in 3 parts of boiling water, in 2^ parts of cold and 
in H part of boiling alcohol, aad in 3 parts of cold ether. It 
is not decomposed by sulphuric or nitric acid ; is largely dis- 
solved by the latter and also by hydrochloric acid. It is ob- 
tained by sublirnationtand from solution, in two different crys- 
talline forms. The solutions of chloride of mercury exposed to 
the direct rays of the sun evolve oxygen, while hydrochloric acid 
is dissolved and subchloride of mercury precipitates. Tlie decom- 
.]!R5sition of this salt, by the action of light, is greatly more rapid 
when the solution contains organic matter. The poisonous 
action of chloride of mercury, which is scarcely inferior to that 
of arsenious acid, is .best counteracted by liquid albumen, with 
wivoh chloride of mercurv forms an insoluble and inert com- 
pound. 

The solution of chlbride of mercury affords a yellow or brown 
precipitate with the hydrates of potash and soda, and with lime 
water ; a black precipitate with sulphuretted hydrogen, and a 
fine scarlet precipitate with iodide of potassium. Mercury is 
thrown down from that solution by metallic copper, A drop 
of the solution does not tarnish polished gold, but if the 
moistened Surface be touched by zinc or iron, mercury is im- 
mediately precipitated, and produces a blue stain upon the 
surface of the gold, while the common metal dissolves. 

Chloride of mercurtj and ammonia . — When chloride of mer- 
cury is gently heated in a stream of ammoniacal gas, the latter 
is absorbed, and the compound fnses from heat evolved in the 
combination. The product was found by Rose to contain half 
an cquivaleitt of ^ chlorine, 2 HgCl;hNH 3 . This compound 
boils •at 590*^ and may be distilled, without loss of ammonia; it 
is decomposed by water. When the double chloride of mercury 
and ammonium, called sal alembroth, is precipitated by potash 
in the cold, a white ' powder is obtained, which was first dis- 
tinguished by Wohler from the compound next described ; its 
, composition may be expressed, from the analysis of Dr. Kane, 
byHgCl+NHg. The same compound is also formed when 
ammonia is added to ti solution of sal ammoniac, and chloride of 
mercury dropt into the liquid, brought to the boiling point, so 
long as the pre;pipitate which is produccfi is redissolved. The 
compound appears on the cooling of the solution, in small 
crystals^ which are garnet dodekahedrons (Mitscherlich), The 
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crystalline form of this compound, therefore, belongs to the 
regular system, like that of sal ammoniac. 

The compound known as white precipitate^ is formed when 
ammonia is added to a solution of chloride of mercury. When 
first produced, it is bulky and milk wfcite ; it is decomposed by 
hot water or by much wasliing with cold water, and acquires a 
yellow tinge. Dr. Kane has demonsthited that white precipi- 
tate is free from oxygen, and contains nothing but the elements 
of a double chloride and amide of mercury, and represents it 
by the formula, Hg 01+ Hg, NHg- White precipitate is diS-* 
tinguished from calomel by solution of ammonia, which does 
not alter the former, but blackens the latter ; it is readily dis- 
solved by acids. Mitscherlich has observed that wdien white 
precipitate is gradually heated by a metal bath, and the heat ^jon- 
tinued for a long time, three atoms of it lose^two atoms of am- 
monia and one atom of chloride of mercifl*y, while a red matter 
remains in crystalline scales, having much the appearance of 
red oxide of mercury produced by the oxidation of the metal 
in air, which contains two atoms of chloride of mercury united 
with a compound of one atom of nitrogen and three atoms of 
mercury, 2 HgCl + NHg 3 , He concludes, that tlie atom of 

white precipitate should be multiplied by three, its •decomposi- 
tion by the heat of the metal bath would thgn be represented 
tlius : 

3HgCl + 3 (Hg,NH 2 ) = 2 HgCl+NHg 3 and 2 NII 3 and HgCl. 

The red compound is its^ decompose*d by a temperature 
above 680*^, and resolved into chloride of mercury, mercury and 
nitrogen. It is insoluble in water, and is not altered in boiling 
solutions of the alkalies, dt^may be boiled without cliange in 
diluted or concentrated nitric acid, and in pretty concentrated 
sulphuric acid, but it is decomposed and dissolved when 
boiled in the most concentrated sulphfiric acid or in hy- 
drochloric acid; no gas is evolved, but chloride of mer- 
cury and ammonia are found in the acid solution. The^ 
compound NHg 3 is» not isolated, by passing ammonia 
over the heated red tiompound. Mdl’cury conducts itself 
in these compounds in* the same w*ay as potassium with 
ammonia ; the olive cj)loured substance produced by the action 
of dry ammonia upon potassium being the amide of potassium, 
3(K, NHj), and the plumbago looking substance left on heating 

u u 2 
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the timide of potassium^, when ammonia escapes, a compound 
of riitrogen and potassium, NK3.* 

When white precipitate is boiled in water, it is changed into 
a heavy canary yellow j)Owder, which Dr. Kane has shewn to 
be a compound of the dbuble chloride and amide of mercury 
with oxide of mercuryj llg Cl + Hg, NH2 + 2HgO. Two atoms 
of water are decomposed in its formation, the two atoms of oxy- 
gen which are found in the yellow compound, while the two 
atoms of hydrogen, added to an atom of chlorine and an atom 
of amidogen, form an atom of hydrochlorate of ammonia which 
is found in sglution ; 

2( IlgCl + HgNH2) & 2 HO ==HgCl -h Hg,N H2 + 2HgO & NH4,C1. 

o 

Solutions of potash and soda convert white precipitate into 
the same yellow subsftance, while a metallic chloride is formed 
and ammonia evolved (Kane). 

Chichloride of mercury , — When a solution of corrosive subli- 
mate is precipitated by potash or soda, mercuric oxide goes 
down in coml)ination with a portion of chloride, as a brown 
precipitate^ unless a considerable excess of alkali be employed. 
The same dxichloride is produced by an alkaline carbonate, but 
a double carbonate is then also formed. Chloride of mercury 
is not immediately precipitated by the bicarbonates of potash 
and soda, and, hence, that salt may be employed to detect the 
presence of a neutral alkaline carbonate in these bicarbonates. 
This oxichloride may also be forr;».edby passing chlorine through 
a mixture of water and oxide of mercury. It may be obtained 
crysitalline ayd of^ a very dark colour, almost black, by mixing 
corrosive sublimate with chloride pf lime, and boiling the liquid, 
or by treating a solution of corrosive sublimate with bicarbonate 
of potash, and allowing the solution to stand in an open vessel, 
when carbonic acid* gradually escapes, and the compound 
HgCl+4Hg O is deposited. This oxichloride is decomposed by 
,a moderate heat, chloride of mercury sublimes and the red 
oxide is left. 

Chloride and sulpjfaret of mercury^ Hg Cl + 2Hg S. — When 
sulphuretted hydrogen gas is passed through a solution of chloride 
of mercury, th(^ precipitate which first ^jappears, and does not 
subside readily, is white ; it has been' shown by Rose to be a 
" Mitscherlich in PoggendorfTs Annalen, vol. 39, p. 409. 
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compound of chloride and sulphuret of mercury. This sub- 
stance is changed entirely into sulphuret of mercury^ when left 
in water containing sulphuretted hydrogen. On the other hand, 
precipitated sulphuret of mercury digested in a solution of chlo- 
ride of mercury, takes down that salt ^nd forms the compound 
in question. Sulphuret of mercury corallines likewise with the 
bromide, iodide, fluoride and nitrate qf mercury, and always in 
the proportion of two atoms of the sulphuret to one atom of the 
other salt. 

Double salts of chloride of meveury, — Cliloride of mercury y^as 
found by M. BonsdorfF to combine with chloride of potassium in 
three different proportions, forming a series of salts in which the 
chloride ofpotassiura remains as one equivalent, while the chloride 
of mercury goes on increasing. They are, KCl-f Ilg Cl + HO, 
which crystallizes in ,large transparent rhomboidal prisms ; IvCl 
4-2HgCl + 2HO crystallizing in fine neecTle-like amiantlms; 
and KCl-f4Hg C1-I-4HO, which crystallizes also in fine needles. 
Chloride of sodium forms only one compound, Na C1 + 
2 HgCl + 4HO which crystallizes in fine regular hexahedral 
prisms. One of the double salts of chloride of ammonium lias 
long been known as sal alembroth. It crystallizes jn flattened 
rhomboidal prisms, NIJ4 Cl + Hg Cl + 110, and • is isomor- 
phous with the corresponding potash salt. It loses the 
water it contains in dry air, without change of form. Dr. 
Kane has also obtained NH4Cl + 2lIg Cl, and the same 
with an atom of water, NH^ Cl + 2lig Cl-f HO, the first 
in a rhomboidal form, and the second* iti long silky needles. 
All these double chloric!^ are obtained by dissolving 
their constituent salts together in the proper^ proportions. 
Chlorides of barium and strontium form compounds in 
good crystals with chloride djf' mercury^ Ba*Cl4-2lIg Cl*4-4llO, 
and Sr Cl + 2Hg CI + 2HO. **$Jhloride of calcium combines 
in two proportions with the, mercurial chloride. Wlien chlo- 
ride of mercury is dissolved T:o saturation in chloride of cal- 
cium, tetrahedral crystals separate from the solution, which are 
pretty persistent in ^ir, Ca Cl + 5Hg Cl 4-8110. After the 
deposition of these crystels, the liquid affords, when evaporated 
by a gentle hfeat, a seconti crop of large y^rismatic crystals, Ca Cl 
4- 2Hg Cl 4- 6H0, which are very deliquescent. Chloride of mag- 
nesium also forms two* salts. Mg Cl4-3Hg Cl -f HO, •and Mg Cl 
4~HgCl4-6HO, both deliquescent. Chloride of nickel gives 
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'two compounds^ of which, one crystallises in tetrahedrons, like 
the chloride of calcium salt. Chloride of manganese forms a 
compound in good crystals, Mn Cl -f Hg 01-1-4110. Chlo- 
rides of iron and zinc form similar isornorplious salts, Fe Cl-f 
Hg ci-fllO, and Zn Cl-^ Ilg Cl + HO. The double chlorides 
of zinc arid of iiian«anese are remarkable in one respect, 
that chloride of mercury dissolved by them in excess, crystallizes 
by evaporation in fine large crystals, such as cannot be obtained 
in any other way. Chlorides of cobalt^ nickel and coppar form 
siinUar crytallizable salts ; but tvhloride of lead, on the contrarjr, 
cloes not appear to form a double salt with chloride of mercury 
(Bonsdorff). 

Bromide of mercury^ Hg Br, 2244.1 or 179.82. — This salt is 
obtained by treating mercury with water and bromine. It is 
colourless, soluble in water and alcol|ol, and when heated, fuses 
and sublimes, exliibitii<\g a great analogy to chloride of mercury 
in its properties. Its density in the state of vapour is 12,870. 
Bromide of mercury forms a similar compound with sulphuret 
of mercury Ilg Br-f 2llg S, which is yellowish. It was also 
combined, by Bonsdorff, with a variety of alkaline and earthy 
bromides. ^ Bromide of mercury combines with half an equiva- 
lent of amir^pnia, in the dry way, and also gives a white precipi- 
tate, with solution of ammonia, analogous to that derived from 
chloride of mercur'y. 

Iodide of mercury^ Hg I, 2845.3 or 228.— It falls as a pre- 
cipitate of a fine scarlet colour, when iodide of potassium is 
added to a solution of chloride of mercury. It may also be 
obtained by triturating its constit^jnts together, in the j^roper 
proportion, with a few drops of alcohol. To procure it in 
crystals, M. Slitscherlich dissolves iqdide of mercury to satura- 
tion, in ‘E hot conceiftfated solution of the iodide of potassium 
and mercury, and allows the solution to cool gradually. When 
heated moderately, iodide of mercury becomes yellowy at a 
higher temperature it fuses and !»ublimes, condensing in rhom- 
boidal plates of a fine yellow colour. The forms of the red and 
yellow crystals are totally different, so thfit the change of colour 
is due to the dimorpjiism of iodide pf mercury. The yellow 
crystals generally return gradually into* the red state, when cold, 
and this change may be determined at once by scratching the 
surface of a crystal, or by crushing it. T^ie density of iodide of 
mercury in the state of vapour, is 1 5,680 j it is the heaviest of 
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gaseous bodies. Iodide of mercury is slightly soluble in water, 
but requires more than 6000 times its weight of water to dissolve 
it. It is much more soluble in alcohol and in acids, partieiifarly 
with the assistance of heat. Iodide of mercury is very soluble 
in iodide of potassium 5 it is also dissolved by a hot solution 
of chloride of mercury. 

When treated with sulphuretted hydrogen water, iodide of 
mercury forms the compound Hg I -f 2 Hg S, which is yellow. 
Iodide of mercury absorbs a whole equivalent of dry ammo- 
niacal gas, Hg I -f NII 3 . The,compound is white, but losps 
ammonia in the air and becomes red. Iodide of mercury unitei^ 
with other iodides, and forms a class of salts as extensive as the 
compounds of chloride of mercury. They have been studied 
by M. P. Boullay.* Iodide of mercury* also combines with 
chlorides ; it is dissolved ]^y a hot solution of chloride of Mer- 
cury, and two compounds have been obtained on the cooling of 
the solution, a yellow' powder, Hg I*f Hg Cl, and white dendritic 
crystals, Hg I + 2 Hg Cl. 

Cyanide of mercury ^ Hg Cy, 1595.7 or 127«87. — This salt is 
most easily obtained by saturating hydrocyanic acid with red 
oxide of mercury. To prepare the hydrocyanic acid required, 
the process of Winkler may be followed. Fifteen parts of 
ferrocyanide of potassium are distilled with 13 parts of oil 
of vitriol diluted with 100 parts of w'ater, tod the distillation 
continued by a moderate heat nearly to dryness. The vapour 
should be made to pass through a Liebig’s condensing tube, 
and be afterwards received in a flask containing 30 parts of 
water. A portion of the f^densed hydrocyanic, acid is put 
aside, and the remainder mixed with 16 parts of oxide of mer- 
cury in fine powder, and %ell agitated till the odour of hydro- 
cyanic acid is no longer perceptible. The solution is drawn 
off from the undissolved oxfde of mercury, and the reserved 
portion of hydrocyanic acid mixed with it^ The last addition is 
necessary to saturate a portion of oxide of mercury, wdiich 
cyanide of mercury dissolves in excess. This operation yields 
12 parts of the salt in^ question. Cyanide of mercury crystal^ 
lizes in square prisms,, which are anh];drous, and resembles 
chloride of mercury in# its solubility «.nd poisonous qualities. 
The red oxide of mercury, even when dry, absorbs hydrocyanic 


An. de China* et de Phys<, t. 34, p. 337* 
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Rcid, with the formation of water and evolution of heat. The 
affinity of mercury for cyanogen appears to be particularly 
intedse ; oxide of mercury decomposing all the cyanides, even 
cyanide of potassium and liberating potash. Cyanide of mer- 
cury is consequently not precipitated by potash. Nor is it 
decomposed by any acid^ with the exception of hydrochloric, 
hydriodic and sulphuretted hydrogen. By a heat approaching 
to redness, cyanide of mercury is decomposed, and resolved into 
mercury and cyanogen gas. When hydrocyanic acid is digested 
upon mercurous oxide, the mercuric cyanide dissolves, and 
2netaIIic mercury is liberated. 

Oxicyamde of mercury ^ Hg Cy+Hg O, appears when hydro- 
cyanic acid of considerable strength (10 or 20 per cent) is 
agitated with red oxide of mercury in large excess, as a white 
powder intermixed with the red oxide. It is sparingly soluble 
in cold water, but may be dissolved out by hot water, and 
crystallizes on cooling in transparent four sided acicular prisms. 
When heated gently, it blackens slightly, and then explodes. 
(Mr. Johnston, Phil. Trans. 1839, p. 113). 

Cyanide of mercury, when digested upon red oxide of mercury, 
dissolves a large quantity of it, and forms, according to M. Kuhn, 
K tribasic cymide of mercury^ Hg Cy+3HgO, which is more 
soluble in w’ater than the neutral cyanide, and crystallizes with 
more difficulty in ^mall acicular crystals. 

Cyanide of mercury and potassium^ KyCy-f HgCy, is formed 
on dissolving cyanide of mercury in a solution of cyanide of 
potassium, and crystaflKzes in regular octohedrons. Cyanide of 
mercury forms also crystallizafebh double salts with other 
cyanides, such as the cyanides of sodium, barium, calcium, 
magnesium, Ac. Ft also combines with chlorides, bromides, 
iodides/and also with several oxi-salts, such as chromate and 
formiate of potash, 2(KO, Cr OjJ"-fIIg Cy and KO, F + Hg Cy. 

Sulphate of mercury^ Mercuric sulphate^ HgO, SO3 ; 1867 or 
149.6 — It is formed by boiling 5* parts of sulphuric acid upon 
4 parts of mercury, till the metal is converted into a dry saline 
ftiass. Sulphate of mercury is a white crystalline salt, neutral 
in composition, but which, like most of the neutral salts of 
mercury, cannot exist in solution. It gives a dense yellow 
powder when decomposed by water, and sulphuric acid is 
dissolved. • This* subsulphate is known tfs turhith mineral^ a 
name applied to it by the old chemists, because it was supposed 
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to produce eflFects in medicine analogous to those of a root* 
formerly employed, and known as convolvulus turpethum. 
The composition of turbith mineral is HgO, 803 + 2 HgO 
(Kane). Solution of ammonia* converts both the neutral sul- 
phate and turbith mineral into a heavy powder, which Dr. Kane 
names ammonio-turbith^ and finds to bcMHlgO, SO3 + Hg, NH^ + 
2HgO. It is, therefore, analogous *in (^composition to the yellow 
powder produced by the decomposition of white precipitate. 

Nitrates of the red oxide of mercury^ Mercuric nitrates , — 
The neutral nitrate cannot b^ crystallized, but it exists in 
solution, when chloride of mercury is precipitated by nitrate ol* 
silver. When red oxide of mercury is dissolved in nitric acid, 
or when the metal is dissolved in the same acid with ebullition, 
till a drop of the solution no longer occasions a precipitate in 
water containing a soluble chloride, a subnitrate is forfned 
crystallizing in small prisms, which are ^deliquescent in damp 
air. Its composition is expressed by# Hg C), NO5 + HgO + 2HO. 
It is the only crystallizable nitrate of this oxide. Decomposed 
by water, this salt yields yellow subnitrate, which when washed 
in its preparation by warm, but not boiling water, is HO, NO5 
+ 3 HgO. When the subnitrate is prepared by boiling water, it 
has a red colour, and probably consists of NOg + fiHg O (Kane). 

Nitrate of mercury affords several compounds when treated 
with ammonia. When a dilute, and not very acid solution of 
that salt is treated in the cold, by weak water of ammonia 
not added in excess, a pure milk-white precipitate appears, 
which is not granular, and remains saspended in the liquid 
for a considerable time. It^^Sfas analyzed by G. Mitscherlich, 
and to distinguish it from some other salts containing the same 
constituents, I shall namd it Mitscherlich' s nmmotiia subnitrate. 
It contains NO5, 3 HgO and NH3, which Dr. Kane would arrange 
thus, NHg, NOg + SHgO, making the ammonia or amide of 
hydrogen basic to, the acid. The preceding compound is altered 
in its appearance by boiling water, and becomes much heavier 
and more granular •forming Soubeiran's ammonia subnitrate^ the 
composition of which^Dr. Kane finds to be HgO, NOg + Hg, 
NH2+2HgO; or it resejnbles in constiti^tion the bodies already 
described containing chJorine and sulphuric acid. The yellow 
crystalline ammonia subnitrate y a third compbund, was obtained 
by G. Mitscherlich lly boiling the ammonia shbnitrate with an 
excess of ammonia, and adding nitrate of ammonia by which a 
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‘portion of the powder is dissolved ; the solution, as it cools and 
loses ammonia, yields small crystalline plates of a pale yellow 
colour. The constituents of this salt are NOg, 2 HgO and NH 3 . 
Dr. Kane doubles its equivalent and represents it as a compound 
of Soubeiran^s salt with yitrate of ammonia, as it appears to be 
produced by the sulutipn of the former salt in the latter, (HgO, 
NOg + IIg, NH 2 + 2 HO) NOg. Soubeiraii^s ammo- 

nia subnitrate is dissolved in considerable quantity, when 
boiled in a strong solution of nitrate of ammonia and the solu- 
tion deposits, on cooling, small but very brilliant needles, which 
were observed and analyzed by Dr. Kane. Kane^s ammonia sub- 
nitrate is decomposed by water, nitrate of ammonia dissolving 
and Soubeiran^s sub-salt being left undissolved. It contains 
the elements of ^(Nli^O, NOg) and 4HgO. Dr. Kane believes 
that* it is most likely to contain SQubeiran^s subnitrate ready 
formed, which leaVes % atoms of nitrate of ammonia and 2 atoms 
of water to be otherwise disposed of.* 

Nitrate of mercury forms an insoluble compound with sul- 
phuret of mercury, HgO, N 05 + 2 HgS, resembling the com- 
pounds of the sulphate and chloride with sulphuret of mercury. 
It also forijis double salts wdth iodide and cyanide of mercury, 

SECTION II. 

SILVER. 

Eq, 1351.6 or 108.3 \ Ag {argentum). 

This metal is found in variou^iarts of the world, and oc- 
curring often in the metallic state and being easily melted must 
have\attractetl the* attention of mankind at an early period. 
Before 4:he discovery of America* the silver mines of Saxony 
were of considerable importance,^i)ut the silver mines of Mexico 
and Peru far exceed jn value the whole of the European and 
Asiatic mines ; the former have •/urnished during the last three 
centuries, according to Humboldt, 316 millions of pounds troy 
of pure silver. 

A considerable quaqfity of silver is obtained from ores of lead 
by cupellation, as has already been described under that metal. 
The native silver, Vhich is in the condition of threads or thin 

* Trans. of*tlie Royal Irish Academy, vol. xix, pt. t: or, An, de Ch. et de Ph. t. 
72, p. 225. 
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leaves, is separated from the gangtie or accompanying rock, by * 
amalgamation^ a process which is also followed hi the treatment 
of the most frequent ore of silver, the sulphuret, when it is"^ not 
accompanied by sulphuret of lead. The last ore, ground to 
powder, is roasted in a reverberatory -jjarnace with 10 per cent 
of chloride of sodium, by which the siker is converted into 
chloride. It is then introduced into ^larrels, with water, iron 
and a quantity of metallic mercury, and the materials kept in 
a state of agitation for eighteen hours by the revolution of the 
barrels on their axes. The chloride of silver, although insoluhU;, 
is reduced to the metallic state by the iron, and chloride of iron 
is produced, while the silver forms a fluid compound with the 
mercury. By adding more water and turning the barrels more 
slowly, the fluid amalgam separates and subsides. It is drawn 
off and subjected to prcsaiire in a chamois leather bag ; the 
mercury jiasses through the leather, while a soft amalgam of 
silver remains in the bag. The meiPcury is afterwards separated 
from this amalgam, by a species of distillation, per descensum, 
and the silver remains. Where machinery cannot be applied 
and iron is not used, the waste of mercury in the amalgamation 
is considerable. Mr. P. Johnston proposes to diminish the loss 
of mercury, as soluble chloride, whicli then occurs, by using an 
amalgam of zinc and mercury, instead of pure mercury. 

Silver is obtained free from other metals* and in a state of 
purity, for chemical and other purposes, in two different ways. 
1. The metal is dissolved in pure nitric acid, slightly diluted, 
and precipitated by a solutioiy^f chloride t)f sodium ; the salts 
of the other metals present j^main in solution. The insoluble 
chloride of silver, thus obtained, is washed well upon a filter^with 
hot water and dried, A quantity of carbonate of potash, .equal 
to twice the weight of the silVer, is fused in a crucible, and the 
chloride of silver gradually addpd to it ; chloride of potassium 
is formed, and carbonic acid |md oxygen escape with efferves- 
cence. The crucible is then exposed to a sufficient heat to fuse 
the reduced silver, Which subsides to the bottom. 2. The mode 
of separating silver frq^n the common metals, in the ordinary 
practice of assaying, is dike many metajlurgic operations, an 
exceedingly elegant and i^fined process.* A portion of the silver 
alloy, the asmy^ is fused with several times its weight of pure 
lead (an alloy of I copfier and 15 silver with 96 fead foe instance) 
upon a bone-earth cupel, which is supported in a little oven or 
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muffle, heated by a proper furnace. Air being allowed access to 
the assay, the lead is rapidly oxidated, and its highly fusible 
oxidte imbibed, as it is produced, by the porous cupel. The 
disposition of copper and other common metals to oxidate is 
increased by tlie presen of the lead, and their oxides, which 
form fusible com pouiids with oxide of lead, are removed in 
company with tlie latter. When the foreign metal is nearly 
entirely removed, the assay is observed to become rounder and 
more brilliant, and the last trace of fused oxide occasions a 
heautiful play of prismatic colours upon its surface, after which, 
^the assay becomes, in an instant, much whiter, or flashes^ an 
indication that the cupellation is completed. 

Pure silver is the whitest of the metals, and susceptible of 
the highest polish ; when granulated by being poured from a 
height of a few feet into water, its surface is rough, but its 
aspect peculiarly beautiful. It crystallizes in the cube and re- 
gular octohedron, both from a state of fusion and by precipita- 
tion from solution. Silver is in the highest degree ductile and 
malleable; its density varies between 10.474 and 10.542, it fuses 
at 1875®. Wlien in the liquid state, it is capable of absorbing 
oxygen gas from the air, which is discharged again in the solidi- 
fication of the metal, and gives rise to a sort of vegetation upon 
its surface, or even occasions the projection of small portions 
of the silver to a distance, an accident which is known in assay- 
ing as the spitting of the metal. Gay-Lussac observed that 
when a little nitre was thrown upon the surface of melted silver 
in a crucible, and thd whole kqpt in a state of fusion for half 
an hour, a very considerable abi^^ption of oxygen took place. 
When the crucible was removed from the fire and quickly 
placed under a b^ll jar filled with w\atcr, which can be done 
without danger, the silver discharged a quantity of oxygen 
equal to 20 times its volume. This property is possessed only 
by pure silver, it does not appear^ at all in silver containing 1 or 
2 per cent of copper. As oxidd of silver is reduced by a red 
heat, the absorption of the oxygen by the fluid metal must l)e 
*a phenomenon of a different nature from simple oxidation. 

Silver does not combine with the -oxygen of the air at the 
usual temperature, noi* even when heated; the tarnishing of 
polished silver in air is occasioned by the formation of sulphuret 
of silver. • Silver does not dissolve in any hydrated acid, by 
substitution for hydrogen, but on the contrary, it is displaced 
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from a solution in an acid, by hydrogen and precipitated in 
the metallic state. This metal is also precipitated by mercury 
and all the more oxidable meti^ls. Its salts arc reduced at the 
usual temperature by sulphate of iron, of which the protoxide 
is converted into peroxide. But if th^ persulphate of iron be 
boiled upon the precipitated silver,^ the latter is dissolved again, 
and oxide of silver and protoxide of iron reproduced. Silver, 
however, is oxidated when fused or heated strongly in contact 
with substances for wdiich oxide of silver has a great affinity, 
as with a siliceous glass, and •stains the glass yellow. It is 
oxidated by concentrated sulphuric acid, witlji the escape of 
sulphurous acid. Silver is readily dissolved by nitric acid, with 
a gentle heat, and with much violence, at^ a high temperature, 
nitrate of silver is formed and nitric oxide escapes. Silver 
combines in three proportions with oxygen foriping a suboxide, 
Ag^O, protoxide AgO and peroxide AgO^. 

Suboxide of silver ^ Ag20. — The •existence of this oxide has 
only very recently been established beyond doubt by M. Woh- 
ler, The pure protoxide of silver is completely reduced to the 
state of metal by hydrogen gas, at 21 2'*; but the oxide con- 
tained in citrate of silver loses only half its oxygen the same 
circumstances, the suboxide being formed and remaining in 
combination with one half of the citric acid of the former salt. 
The solution in water of the suboxide salt is dark brown, and 
the suboxide is precipitated black from it by potash. When 
the solution of the subsalt is heated, it becomes colourless, and 
metallic silver appears in it. Jfhe salt dfsSolves of a brown co- 
lour in ammonia. Several ^her salts of silver, containing or- 
ganic acids, comport themselves in the same way |is the citrate, 
when heated in hydrogen.^ 

Protoxide of silver^ AgO, 1451.6 or 116.3. — It is* thrown 
dotvn.when potash or lime-W’^ater is added to a solution of ni- 
trate of silver, as a brown pcvwder, which becomes of a darker 
colour when dried. The pow(fer was found to be anhydrous by 
Gay-Lussac and Th*enard ; its density is according to He- 

rapath. Oxide of silvtr is a powerful base, and forms salts, se- 
veral of which have been found isomorjihous with the corres- 
ponding salts of soda. •It is soluble, like oxide of lead, to a 
small extent in pure water, free from saline matter, and the solu- 
tion has an alkaline reaction. Oxide of silver is nort dissolved 

* Liehig’s Annalcn, vol. 30, p. 1, 1839. 
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by solutions of the hydrates of potash and soda. Its salts are 
precipitated black by sul[)huretted hydrogen, and afford, when 
treated with hydrochloric acid ^or a soluble chloride, a white 
curdy precipitate, the chloride of silver, which soon becomes 
purple, if exposed, whil^ humid, to the direct rays of the sun. 
This precipitate is not dissolved by nitric acid, but is dissolved 
by ammonia in commov^ with most of the insoluble salts of 
silver. 

Oxide of silver combines with ammonia and forms the fulmi- 
^ nating ammoniaret of silver ^ a substance of a dangerous charac- 
ter from the violence with which it explodes. The ammoniaret 
may be formed by digesting newly precipitated oxide of silver in 
strong ammonia, or more readily by dissolving nitrate of silver 
in ammonia, and precipitating the liquor by potash in slight ex- 
cess. If this substance be pressed, by a hard body, while still 
humid, it explodes vnth unequalled violence; when dry, the 
touch of a feather is often* sufficient to cause it to fulminate. 
The explosion is obviously occasioned by the reduction of the 
silver, from the combination of its oxygen with the hydrogen 
of the ammonia, and the evolution of nitrogen gas. 

Sulphurfit of silver^ AgS, 1552.8 or ] 24.43. — Sulphur and 
silver may be combined together by fusion ; the excess of sul- 
phur escapes, and at a high temperature the sulphurct melts ; it 
forms, on cooling, a crystalline mass. This compound has a lead- 
grey colour and metallic lustre. It is so soft that it may be cut 
by a knife, and is malleable. The sulphuret of silver is also re- 
markable for conductiiig electricj^, like a metal, when warmed. 
The same compound occurs in n^^re, sometimes crystallized in 
octohedrons with their secondary faces. 1?his sulphuret is par- 
ticularly interesting from being isomorphous with the subsul- 
phurefof copper, AgS with CugS (page 144). These two 
sulphurets replace each other iti indeterminate proportions in 
several double sulphurets of silver and other metals, as in poly- 
basiie oxidif aider ze^ the composition of which may be expressed 
by the following formulae, the symbols placed above each other, 
Representing constituents, of which either the one or the other 
may be present : 


Polybasite 
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Chloride of silver^ Ag Cl, 1794.3 or 143.79.— -This salt con- 
tains in 100 parts, 24.67 parts of chlorine, and 7«^.33 parts of 
silver. It is thrown down as a white precipitate, at first very 
bulky and curdy, when hydrochloric acid or a soluble cliloride 
is added to any soluble salt of silver, except the hyposulphite. 
It is wholly insoluble in water, and the most minute quantity of 
hydrochloric acid contained in water i^ay be detected by add- 
ing to it a drop of a solution of nitrate of silver. Hydrochlo- 
ric acid, when concentrated, dissolves chloride of silver, which 
crystallizes from it in octohedro»s, when the solution is evapo- 
rated. This salt dissolves easily in solution of ammonia, and 
crystallizes also as the ammonia evaporates. When heated, it 
fuses about 500”, forming a transparent yellowish liquid, which 
becomes, after cooling, a mass that may be cut with a knife and 
has considerable resemblanoe to horn; a property to whicfi it 
was indebted for tlie name of horn silver, * applied to it by 
the elder chemists. It is not volatile. Chloride of silver is 
not affected by a concentrated solution of potash. It is easily 
reduced to the state of metal by zinc or iron with water. 
Chloride of silver can be dissolved out in this way by means of 
zinc and acidulated water, from a porcelain crucible, ip which it 
has been fused. The chloride and other salts of silver acquire 
a dark colour when exposed to light ; chlorine escapes, and a 
portion of the salt appears to be reduced to flic metallic state, 
as the blackened surface conducts electricity. According to 
Wetzlar, the black substance contains an inferior chloride of 
silver, and is not attacked by ^itric acid, *nor soluble in am- 
monia. Indeed, paper ebaugfed with chloride of silver is ex- 
ceedingly sensitive to^ the impression of light, and has been 
employed to fix the image in the camera obscura. The unal- 
tered chloride of silver in the paper, is afterwards dissolved 
out by a solution of hyposulphite of soda. Of anhydrous 
chloride of silver, 100 parts absorb 17*9 1 -parts of ammoniacal 
gas, forming the compound 2Ag Cl-f3NH3. This compound 
loses its ammonia in* the air. Chloride of silver is dissolved by 
concentrated and boiling solutions of chlorides of potassium, 
sodium and ammonium, and, on cooling, «a double salt is depo- 
sited in crystals generally cubes. Chloride^ of silver is also 
dissolved by cyanide of potassium, and the solution yields a 
double salt by evaporation, (Liebig), 

Bromide of silver, Ag Br. 2330 or 186.7 —This salt consists 
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in 100 parts, of 41.99 bromine and 58.01 silver. It is insolu- 
ble in water, and falls as a precipitate which is at first white, 
but becomes of a pale yellow op collecting. When fused and 
cooled, it gives a mass of a pure and intense yellow. It is soluble 
in ammonia and has most of the properties of chloride of 
silver. « 

Iodide of silver^ AgL^ 2931.1 or 234.87. — ^This salt consists 
in 100 parts, of 53.89 iodine and 4(5.11 silver. It is insoluble 
in water, like the chloride, but is distinguished from that salt 
by its colour, which is pale yeKow, by the difficulty with which 
it is dissolved in ammonia, and by being blackened more 
slowly by the action of light. According to Martini, 2500 parts 
of ammonia, of density 0.960, are required to dissolve one part 
of iodide of silver. It is soluble to a large extent, at the boil- 
ing temperature in concentrated selutions of the alkaline and 
earthy iodides, and f6rms with them double salts. 

Cyanide of silver ^ AgCy, 1681.5 or 134.74. — This salt 
contains, in 100 parts, 19.62 cyanogen and 80.38 silver. It 
falls as a white powder when hydrocyanic acid is added to a 
solution of nitrate of silver. It is distinguished from chloride 
of silver by drssolving in concentrated nitric and sulphuric acids, 
when heated. It is readily decomposed by hydrochloric acid, 
and yields hydrocyanic acid, 100 parts of cyanide of silver giving 
20.36 parts of hydrocyanic acid. It is decomposed by a red 
heat, and when well dried, gives nothing but cyanogen gas and 
silver. Cyanide of silver is dissolved by cyanide of potassium, 
and other soluble cyanides. Thjg^^double cyanide of potassium 
and silver crystallizes in octohedroiis, K£y-f AgCy. 

Carbonatq of silver^ AgO, COj, is a vmite insoluble powder. 

Sulphate of silver ^ Ag O, 1952.8 or 156.48. — It is ob- 
tained l^y dissolving silver with heat in concentrated sulphuric 
acid, or by precipitating a soiution of nitrate of silver with 
sulphate of potash,' It is soluble in 88 times its weight of 
boiling water, and crystallizes on cooling in the form of anhy- 
drous sulphate of soda. This salt is highly soluble in ammo- 
nia, and gives, by evaporation, an amm&niacal sulphate of silver 
in fine transparent crystals, which are persistent in air ; Ag O, 
SO34 2NH3. CJiromate and seleniafe of silver form analogous 
compounds with ammonia, which are all^isomorphous. The bi- 
chromate‘of silver is also isomorphous with bichromate of soda, 

Hypqsulphate of silver, Ag O, 83 O5, is soluble in water, and 
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crystdlises in the same form as hyposulphate of soda. It crys- 
tallizes also with ammonia, as Ag b, 05-f2NH3. 

Hyposuipkite of silver^ Ag 0,8202. — Hyposulphurous^acid 
appears to have a greater affinity for oxide of silver than for any 
other base. Oxide of silver decompoi^jss the alkaline hyposul- 
phites, and liberates one half of th^ir alkali, and a double hypo- 
sulphite of the alkali and silver is formed. These ‘double 
salts are best prepared by adding chloride of silver in small por- 
tions to the soluble hyposulphite of potash, soda, ammonia, or 
lime in the cold, till the liquid is saturated; after which, tine, 
solution is filtered, and mixed with a large quantity of alcohol, 
which precipitates the double salt ; those of potash and soda are 
crystallizable* Herschel considers the double salts obtained in 
this manner, as probably containing one eq. of hyposulphite of 
silver, to two eq. of the ot!her hyposulphite.^ The solution of 
one of these double salts dissolves more? oxide of silver, and 
forms a double salt, which is believed to contain single equiva- 
lents of the salts, and precipitates as a white crystalline, pul- 
verulent bulky mass. The second compound is sparingly 
soluble in water, but dissolves in ammonia, and communicates 
to the liquor an intensely sweet taste. 

The hyposulphite of silver itself, is an insoluble ‘su1)stance ; it 
is prone to undergo decomposition, changing ^ontaneously into 
sulphate and sulphuret of silver. When to a dilute solution of 
nitrate of silver, a dilute solution of hyposulphite of soda is 
added by small quantities, a white precipitate of hyposulphite 
of silver falls, which dissolves ?^gain in a few seconds, from the 
formation of the solub](^ doulSle hyposulphite of soda and silver. 
When enough of hyposulphite of soda has beeii gradually ad/led, 
to render the precipitate pefmanent, without, however, dcTcorn- 
posing the whole silver salt, a.flocculent mass is obtained of a 
dull grey colour, which is pehnanent. The liquor contains 
much hyposulphite of silver, af^d has an intensely sweet taste, 
not at all metallic;^ the silver is not precipitated from it by 
hydrochloric acid or the chlorides. An excess of hyposulphite of, 
soda destroys the precipStated hyposulphite of silver, converting 
it into sulphuret of silver.* 

Nitrate of silver^ Ag(5,NOg,2128.6*or 1^0.57. — When a 
piece of pure silver is |iuspended in nitric acid,*it dissolves for 
a time without effervescence at a low temperature, nitrous acid 
being produced, which colours the liquid blue; but if be 
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applied or the temperature allowed to rise, then the metal 
dissolves with violent effervescence from the escape of nitric 
oxide. The nitrate of silver crystallizes on cooling in colourless 
tables, which are anhydrous. It is soluble in I part of cold, in 
i part of hot water, anflj. in 4 parts of boiling alcohol. The 
, solution of this salt does not redden litmus paper, like most 
metallic salts, but is exactly neutral. Nitrate of silver fuses at 
426® and forms a crystalline mass on cooling ; it is cast into 
little cylinders for the use of surgeons. It is sometimes 
, adulterated in this state with" nitrate of potash, which may 
be detected by the alkaline residue which the salt then leaves, 
when heated before the blowpipe, or with nitrate of lead, when 
the solution of the salt is precipitated by iodide of potassium, 
of a full yellow colour. When applied to the flesh of animals, 
it instantly destroys the organizaticTn and vitality of the part. 
It forms insoluble cbmpounds with many kinds of animal 
matter, and is employed to remove it from solution. When 
organic substances, to which a solution of nitrate of silver has 
been applied, are exposed to light, they become black from the 
reduction of the oxide of silver to the metallic state. A solution 
of nitrate of silver in ether is employed to dye the hair black. 
It forms also the indelible marking ink used to write upon 
linen. The part ^of the linen to be marked should be first 
wetted with a solution of carbonate of soda and dried, and the 
WTiting should be exposed to the light of the sun. For this 
ink, which is expensive, another liquid has been substituted by 
bleachers, namely coal tar, maddk.sufficiently thin with naphtha 
to write with, which is found to relist cljorine and to answer 
well as a marking ink. A strong solution of nitrate of silver 
absorbs^ two equivalents of ammoftiacal gas, and gives the 
crystallizable Ammoniacal nitrate^, of silver, Ag O, NO 5 + 2 NH 3 . 
The dry nitrate in powder absorbs three atoms of ammonia, NgO, 
NO5+3NH3. 

Nitrate of silver forms a double salt with nitrate of the red 
oxide of mercury, which crystallizes in prisms. Nitrate of silver 
and cyanide of mercury also form a doifble salt, when hot solu- 
tions of them are mixM; Ag O, N 05 -f‘ 2 Hg Cy + 8 HO. Cyanide 
of silver is soluble in a boiling solution of nitrate of silver, and 
gives a crjjrstalline compound, Ag O, Nf )5 + 2 Ag Cy, which is 
decomposed by water. 

NitrUeof silver, 1928.6 or 154.54.-— Nitrate of 
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soda is fused at a red heat, till it is wholly converted into 
nitrite by loss of oxygen ; the latter salt then begins to^lose 
nitrous acid, and a small portion of the salt dissolved in water 
will be found to precipitate silver brown. The fusion is then 
interrupted, the salt dissolved in boilijPig water, precipitated by 
nitrate of silver, and filtered while still vefy hot. The nitrite of. 
silver, which requires 1 20 times its Weight of water at 6()o to 
dissolve it, is precipitated as the solution cools. The other 
nitrites are prepared by rubbing this salt in a mortar with 
chlorides taken in equivalent * quantities. It appears 
experiments of Proust that two subnitrites of silver exist, one 
soluble and the other insoluble. 

Acetate of silver y which is soluble in 100 times its weight of 
cold water, is precipitated when acetate of copper is mixed T^itli 
a concentrated solution nitfate of silver. It, crystallizes from 
solution in boiling water in anhydrous nee*dles. 

Oxalate of silver is an insoluble powder. A double oxalate 
of potash and silver is formed by saturating binoxalate of potash 
with carbonate of silver. It is very soluble, and forms 
rhomboidal crystals, which are persistent in air. 

Peroxide of silver* — A superior oxide of silver is deposited 
upon the positive pole or zincoid of a voltaic ^battery in a weak 
solution of nitrate of silver, in the form of needles of 3 or 4 
lines in length, which are black and have a metallic lustre, while 
metallic silver is, at the same time, deposited in crystals upon 
the negative pole or chloroid-^ The former crystals are con- 
verted by sulphuric acid inl^ oxide of silver and oxygen, and 
yield with hydrochloric acid, chloride of silvq^ andtchloriiie^ 

Silver may be readily alloyed with most metals. It combines 
by fusion with iron, from which it cannot be separated by 
cupellation. Native silver is always associated with gold ; the 
two metals are found crystalloid together in all proj)ortions in 
the same cubic or qptohedral crystals. Gold may be detected 
in a silver coin, by dissolving the latter in pure nitric acid,* 
When'a small quantity* of black powder remains, which after 
being washed with wate^ will be foun^l *to dissolve, in nitro- 
muriatic acid, giving a yeUow solution in which protochloride of 
tin produces a precipitate of the purple povider of Cassius. 
Pure silver, being very soft, is always alloyed in coin and plate, 
with a certain quantity of copper, to make it harder. The 
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standard silver of England is an alloy of 222 pennyweights of 
silver with 18 pennyweights of copper. When the proportion 
of copper is considerable, the alloy becomes red by wear, 
shewing that the silver of the alloy yields more readily to 
attrition than the coppet This effect is very visible in the 
• smaller silver pieces of* some continental states. 


SECTION III. 

GOLD. 

Eq. 1243 or 99.6 ^ Au {aurum). 

Gold is found in small quantity iiv most countries, sometimes 
in iron pyrites, but generally native, massive and disseminated in 
threads through a rock, or in grains among the sand of rivers. 
It occurs crystallized in the cube and its allied forms. At 
present the principal supply of this metal is from the mines of 
South America, Hungary and of the Uralian mountains in 
Siberia. It is generally separated from earthy rfnd all other 
metallic substances, except silver, by amalgamation. It may be 
separated from silver by nitric acid, which dissolves the latter 
metal, but only when it forms a large proportion of the alloy. 
When nitric acid does not dissolve the silver, the alloy is sub- 
mitted to an operation termed quartation ; it is fused with four 
times its weight of silver, after \^hich the whole silver may be 
dissolved out by nitric acid. 

Tp obtain^^old in a state of purity, the alloy containing it is 
dissolved in a mixture of two naeasures of hydrochloric, and 
one measure of nitric acid — a mixture which, from its application 
to dissolve gold has acquired 4he name of aqua regia. The 
solution of gold is e\ aporated by a water-bath, till acid vapours 
cease to be exhaled ; it is then dissolved in water and hydro- 
chloric acid is mixed with it. On adding protosulphate of iron 
to this solution, the gold is wholly precipitated as a brown pr 
brownish yellow powder, quite destitute of the metallic lustre, 
which, however,^ appears when the powder is rubbed. The 
protosulphate 9f iron is, at the same time, converted into per- 
sulphate &nd perchloride : 

6(FeO^ S03) and Au^ CI3 = 2(Fej O3, 3SO3) and Fe^ CI3 and 2Au. 
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Gold is the only metal of a yellow colour. When pure, it is 
more malleable than any other metal, and nearly as soft asjead. 
Its ductility appears to have sc^cely a limit. A single grain of 
gold has been drawn into a wire 500 feet in length, and this 
metal is beaten out into leaves whibh have not more than 
l-200,000dth of an inch of thickness. The coating of gold on* 
gilt silver wire is still thinner. When* very thin, gold is trans- 
parent, thin gold leaf allowing a green light to pass through it. 
The point of fusion of this metal is 2010®; it contracts con- 
siderably upon becoming solid. The density of gold va'1-fesP 
from 19.4 to 19.05, according as it has been more or less com- 
pressed. It does not oxidate or tarnish in air, at the usual 
temperature, nor when strongly ignited.* But this and the 
other noble metals are dissipated and partly oxidated, wh«n a 
powerful electric charge is sent through them in thin leaves. 
Gold is oxidated in contact with vitpfiable fiuxes, and communi- 
cates to them a ruby colour. It is not dissolved by nitric, 
hydrochloric or sulphuric acid, nor indeed by any single acid. 
It is acted upon by chlorine, which converts it into perchlofide, 
and by acid mixtures, such as aqua regia, which evolve chlorine. 
It combines in two proportions with oxygen, farming the 
two oxides Aug O and Au2 O3, neither of which combines with 
acids. • 

Owide of goldy Aurous oxides Au^O, 2586 or 207.21. — This 
oxide is obtained by decomposing the corresponding chloride of 
gold, by a cold solution of potash, as a» green powder. It is 
partly dissolved by the alkaU, ^nd soon begins to undergo de- 
composition, being resolvea into the higher oxide and metallic 
gold. The latter forms a "thin film upon the*sides*of the vessel, 
which is green by transmitted light, quite like gold leaf.. 

Chloride of gold^ Aurom chUgridey AugCl, is obtained by eva- 
porating a solution of the perctloride to ^dryness, and heating 
the powder thus obtained by a»sand bath, retaining it about the 
temperature of melting tin and constantly stirring it, so long as 
chlorine is evolved. It is a white saline mass having a tinge of 
yellow, which is quite insoluble in water. In the dry state, it is 
permanent, but in contacj: with water it igradually undergoes de- 
composition, and is converted into gold and the perchloride. 
This change takes place almost instantaneous]^ at the boiling 
temperature. 

A corresponding auroti^ mlphuret is formed when sulpiiuretted 



676 


GOI.D. 


hydrogen gas is conveyed into a boiling solution of the perchlo- 
ride %of gold. It is dark brown, almost black. 

Peroxide of gold^ Auric oxide^ AU 2 O 3 , 2786 or 223.21. — 
This oxide has many of the properties of an acid. It is obtained 
by digesting magnesia m a solution of perchloride of gold, 
' when an insoluble compound of auric oxide and magnesia is 
formed, which is collected upon a filter and well washed. The 
compound is afterwards digested in nitric acid, which dissolves 
the magnesia, with traces of auric oxide, but leaves the greater 
•pari: of the latter undissolved. It is left in the state of a reddish 
yellow hydrate, which dried in air becomes chestnut brown. 
When precipitated by an alkali, auric oxide carries down a por- 
tion of the latter, of ’which it may be deprived by nitric acid. 
Dried at 212 ^ it abandons its water, becomes black, and is in 
part reduced. When exposed to light, particularly to the direct 
rays of the sun, its reduction is very rapid. It is decomposed 
by an incipient red heat. Hydrochloric acid is the only acid 
which dissolves and retains this oxide, and then perchloride 
of gold is formed. It is dissolved by concentrated nitric and 
sulphuric acid, but precipitated from these solutions by water. 
The affinity^ of this oxide for alkaline oxides is so great, on the 
contrary/ that when boiled in a solution of chloride of potas- 
sium, auric oxide is dissolved, and the liquid becomes alkaline ; 
perchloride of gold with chloride of potassium, and aurate of 
potashy or a compound of auric oxide and potash, are formed. 
The compounds of auric oxide with the alkalies and alkaline 
oxides are nearly colourless, and^H^ not decomposed by water. 
They appear to be of two different degrees of saturation, aur- 
ates which ate soluble, and superaurates which are insoluble. 
The only one of these compounds* which has been studied in 
some degree is the aurate of ammfonia, or fulminating gold as it 
is named from its violently exploitive character. 

Aurate of ammonia , — ^When the solution of gold is precipi- 
tated by a small quantity of ammonia, a powder of a deep yel- 
low is obtained, which is a compound of aurate of ammonia 
with a portion of perchloride of gold. , ^^his compound is ex- 
ploded by heat, but tne# detonation isc not strong. But when 
the solution of gold is treated with an excess of ammonia, and 
the precipitate w611 washed by ebullition in a solution of ammo- 
nia, or better in water containing potash, the fulminating gold 
has a yeBowish brown colour witih a tinge of purple. When dry, 
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it explodes most easily jyith a loud report, accompanied by a 
feeble flame. It may be exploded by a heat a little above the 
boiling point of water, or by the blow of a hammer. Its com- 
position has not been certainly determined, but if the ammonia 
is present in double the proportion thjit would contain the hy- 
drogen necessary to burn the oxygen of the auric oxide, which. 
Berzelius considers probable, its constituents may be AU2O ^ 4 
2NH3 + HO. The affinity of auric oxide for ammonia is so great, 
that it takes that alkali from all acids. Thus, when auric oxide 
is digested in sulphate of amrncftiia, fulminating gold is formod^ 
and the liquid becomes acid. 

Purple of Cassius . — When protochloride of tin is added to a 
dilute solution of gold, a purple-coloured powder falls, which 
has received that name. It is obtained of a finer colour, ^jhen 
protochloridc of tin** is addtfd to a solution of the perchloride of 
iron, till the colour of the liquid has a shflde of green, and add- 
ing this liquid, drop by drop, to a solution of perchloride of gold 
which is free from nitric acid, and very dilute. After 24 hours, 
a brown powder is deposited, which is in a small degree trans- 
parent and purple-red by transmitted light. When dried and 
rubl)ed to powder, it is of a dull blue colour. Heaited to red- 
ness it loses a little water, but no oxygen, and ret&ins its for- 
mer appearance. If washed with ammonia on^the filter while still 
humid, it is dissolved, and a purple liquid passes through, 
which rivals the hypermanganate of potash in beauty. From 
this liquid, the colouring matter very gradually separates, weeks 
elapsing before the upper str'^ta of the liquid become colour- 
less, but it is precipitated nl{)re rapidly when heated in a close 
vessel between 140® and ISO®. The powder ^of Cassius is .inso- 
luble in solutions of potash and soda. It may also be fdrmcd, 
by fusing together 2 parts of ^old, 34 parts of tin and 15 parts 
of silver, under bora’s:, to prevent the oxidation of the tin, and 
treating the alloy with nitric acid to dissolve out the silver; a 
purple residue is Igft, containing the tin and gold that were 
employed. 

The powder of Cassftis is certainly, after ignition, a mixture 
of peroxide of tin and rrfetallic gold, frofti which the last can 
be dissolved out by aqua regia, while the peroxide of tin is left ; 
and the last mode of preparing it, favours the idea that its con- 
stitution is the same before ignition. But its property to dis- 
solve in amnlonia, and the fact that mercury does not ,dissolye^ 
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out gold from the powder when properly prepared, appear to 
me to be conclusive against that opinion. The proportions of 
its constituents vary so much, that there must be more than one 
compound, or more likely the colouring compound combines 
with more than one proportion of peroxide of tin. Berzelius 
proposes the theory that the powder of Cassius may contain 
the true protoxide of gold combined with the deutoxide of tin, 
AuO + SugOg, a kind of combination containing an association 
of three atoms of metal, which is exemplified in black oxide of 
^ron, spinell, gahnite, frankliniCe and other minerals, and which 
we have repeatedly observed to be usually attended with great sta- 
bility. A glance at its formula shews how readily the powder of 
Cassius, as thus represented, may pass into gold and peroxide of 
tin AuO 80303 Au and 2Sn02. The existence of a purple 
oxide of gold AuO^is not established; but it is probably the sub- 
stance formed when absolution of gold is applied to the skin or 
nails, and which dyes them purple. Paper coloured purple by 
a solution of gold becomes gilt when placed humid in phosphu- 
retted hydrogen gas, which reduces the gold to the metallic 
state. 

Sesqui-siSclpfmret of ffold, AU2S3, or the auric sulphuret, is 
formed when a dilute solution of gold is precipitated cold by 
sulphuretted hydrogen. It is a flocculent matter of a strong yel- 
low colour, which becomes deeper by drying ; it loses its sul- 
phur at a moderate heat. 

Sesqui-chloride of gpld. Per chloride of gold^ Auric chloride y 
AU2CI3, 3814 or 305 . 62 . — It is filmed when gold is dissolved in 
aqua regia. The solution is yellow^ and becomes paler with an 
excess of acidb but ^ of a deep red wh^^n neutral in composition. 
It is o*btained in the last conditio by evaporating the solution 
of gold, till the liquid is of a dark, ruby red colour, and begins to 
emit chlorine. It forms on cooling a dark red crystalline mass, 
which deliquesces quickly in But to procure the auric 

chloride perfectly free from acid salt, the qnlymode is to de- 
ootppose the aurous chloride with water. A compound of chlo- 
ride of gold and hydrochloric acid crystallizes easily from an 
acid solution, in long nepdles of a pale yellow, which are perma- 
nent in dry air, but run into a liquid in damp air. The solu- 
tion of this salt deposits gold on its surfaq^, and on the side of 
the vessel turned to the light. The gold is also precipitated in 
.the metallic state by phosphorus, by most metals/ the ferrous 
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salts, and many vegetable and animal substances, by vegetable 
acids, by' oxalate of potash, when carbonic acid escapes. Chlo- 
ride of gold is soluble in ether.and in some essential oil^. It 
forms double salts with most other chlorides, which are almost 
all orange when crystallized ; in efflorescing, they become of a 
lemon yellow, but in the anhydrous state they are of an intense 
red. They are obtained by evaporatiijg the mixed solutions of 
the two salts. , 

Chloride of gold and potassium^ K.CI + CI3+6HO. — It 

crystallizes in striated prisms oi^ right summits, or in thin h^^ga- 
gonal tables which are very efflorescent; this salt becomes 
anhydrous at 212°. The anhydrous salt fuses readily when 
heated, but loses chlorine and becomes a Jiquid, which is black 
while liquid, and yellow when cold. It is then a compound of 
the aurous chloride with chloride of potassiujn. Chloride oj 
gold and ammonium crystallizes in transpiwent prismatic needles, 
which become opaque in air, Mr.* Johnston found their com- 
position to be NH4Cl4-Au2Cl3 4'2HO. Chloride of gold and 
sodium crystallizes in long four sided prisms, and is persistent 
in air. Its composition is Na Cl+Aug CI34-4HO. Bonsdorff 
has prepared similar double salts with chlorides ^f barium, 
strontium, calcium, magnesium, manganese, zinc, cadmium, 
cobalt and nickel. The salt of lime contains six and the salt 
of magnesia twelve atoms of water. 

Sesquibromide of gold, Br3, is formed by dissolving gold 
in a mixture of nitric and hydrobromic acids. It greatly re- 
sembles the sesquichloride, arad forms also an extensive series 
of double salts. 

The aurous iodide^ Au^ I, is formed when hyc^riodic acid is 
digested upon peroxide of'gpld, iodine being, at the same time, 
liberated. It is a lemon yellow crystalline ’powder, insoluble in 
cold water, and soluble with great difficulty in boiling water. 

The only salt with an oxy^jen acid, which peroxide of gold 
appears to form is the fulminate, and, perhaps, a seleniate. 
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METALS IN NATIVE PLATINUM. 

SECTION I. 

PLATINUM. 

Eq. 1233.5 or 98.84. Pt. 

This metal was discovered in the auriferous sand of certain 
rivers in America. Its name is a diminutive of plata silver^ and 
was applied to it on account of its whiteness. It occurs in the 
form of rounded or flattened grains of a metallic lustre. It lias 
been found in Brazil, Colortibia, Mexico, St. Domingo, and on 
the eastern declivity of the Ural chain ; it is everywhere asso- 
ciated with the debris of a rock easily recognized as belonging 
to one of tlie earliest volcanic formations. 

The grabs of native platinum contain from 75 to 8? per cent 
of that metul, so much iron that they are generally magnetic, 
from i to 1 per cent of palladium, but sometimes, much less, 
with small quantities of copper, rhodium, osmium. and iridium. 
To separate the platinum from these bodies, the ore is digested 
in a retort with hydrochloric acid, to which additions of nitric 
acid are made from tune to tiracK, When the hydrochloric acid 
is nearly saturated, the liquid is e\\. porated in the retort to a 
syrup; then diluted with water an^ drawn off from the in- 
soluble residue. the mineral is^not completely decomposed, 
more aqua regia is added and the distillation continued. A 
portion always remains undissolved, consisting of grains of a 
compound of osmium and iridium, and little brilliant plates of 
the same alloy, besides foreign mineral substances which may 
be mixed with the ore. The solution is generally deep red, and 
emits chlorine from the presence of perthloride of palladium ; 
to decompose which, the liquid is boiled, chlorine escapes, and 
tlie palladium is r^uceef to protochlorlde. Chloride of potas- 
sium is then addfd, which precipitates the platinum as a spa- 
ringly soluble double chloride of platinum and potassium, of 
which the colour is yellow, but red if it is accompanied by the 
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double chloride of iridium and potassium. The precipitate 
is collected on a filter, and washed with a dilute solution of 
chloride of potassium. By igniting this double salt with twice 
its weight of carbonate of potash to the point of fusion, the 
platinum is reduced to the metallic stj^e, while a portion of the 
iridium remains as peroxide. The platinum is dissolved by 
aqua regia in which tne peroxide of iritiium remains untouched. 
To complete the separation of the iridium, the precipitation, by 
chloride of potassium and ignition with carbonate of potash, 
may require to be repeated several times. But when it is,i^-)ti 
required to have platinum absolutely pure, the solution of the 
ore is precipitated by sal ammoniac, and it is in this way that 
much of the commercial platinum is pr/)cured, the insoluble 
double chloride of platinum and* potassium is washed wi^h a 
solution of sal ammoniac dried and heated to low redness ; hv- 
drochloric acid and nitrogen escape and ammoniac sublimes, 
vdaile the platinum remains behind as a pulverulent mass, or 
spongy and a little coherent. The small trace of iridium which 
is left in commercial platinum increases greatly its hardness 
and tenacity. 

Platinum is too refractory to be fused in our furnaces, but 
at a high temperature, its particles cohere like thfise of iron, 
and it may, like that metal, be wielded. Hence, by heating a 
mass of the spongy platinum, previously strongly compressed, 
and submitting it to increasing pressure, the mass comes to be 
so far compacted, that it may be forged with a hammer. Plati- 
num as it comes from the hanSb of the workman is highly mal 
leable and ductile. It is t^e densest body at present known ; 
the specific gravity of platinum was fixed by Dr. JVollastgn at 
21.53. This metal may be fysed by the oxihydrogen blow-pipe, 
or even made to boil, and be. ^dissipated with scintillations. It 
is not acted upon by any singld acid, not even by concentrated 
and boiling sulphuric acid. resistance*to the action of acids, 
conjoined with its difficult fusibility renders platinum invaluable 
for chemical experiments, and for some purposes in the cliemic^ji 
arts, particularly for ttfe concentration of oil of vitriol. 

The remarkable influepce of a clean sjifface of platinum in de- 
termining the combustion of oxygen and hydrogen, has already 
been considered. This property platinum shares with osmium, 
iridium, palladium and rhodium. It is exhibited in the greatest 
degree by the highly divided metal, such as platinunq sponge, 



682 


PLATINUM. 


the condition in which the metal is left on igniting the double 
chloride of platinum and ammonium. Platinum precipitated 
from solution by zinc, causes the combustion of alcohol vapour. 
The black powder of platinum is the form in which that metal is 
most active. This is pi^pared by dissolving the protochloride 
of platinum in a hot and concentrated solution of potash, and 
pouring alcohol into it while still hot, b^ small quantities at a 
time ; a violent effervescence occurs from the escape of carbonic 
acid gas, by which the contents of the vessel, unless capacious, 
rmay be thrown out. The liqbor is decanted from the black 
powder which appears, and the latter boiled successively with 
alcohol, hydrochloric acid and potash, and finally four or five 
times w'ith water, to divest it of all foreign matters. The powder, 
wh 9 n dried, resembles lamp black, and soils the fingers, but still 
it is only metallic platinum extrehiely divided, and may be 
heated to full rednes/; •without any change of appearance or pro- 
perties. It loses these, however, by the effect of a white heat, 
and assumes a metallic aspect. The powder of platinum, like 
w^ood charcoal, absorbs and condenses gases, in its pores, with 
the evolution of heat, a property which must assist its action on 
oxygen and hydrogen, although not essential to that action. 
When moistened with alcohol, it determines the oxidation of that 
substance in air, and the formation of acetic acid. 

Platinum is insoluble in all acids, except aqua regia. It may 
be oxidated in the dry way by fusing it with hydrate of potash 
or nitre. Palladium,^ osmium and iridium resemble platinum in 
their chemical relations, the coAesponding compounds of these 
four metals being isomorphous ; plAiinum and iridium have also 
the §arae atomic weight. Of platinum, only two degrees of 
oxidation are known with certainjy/ the protoxide, Pt O, and 
peroxide Pt Og 

Protoxide of platinum^ Platmohs oxide^Vi 0, 1333.5 or 106.84. 
— It is obtained by digesting the corresponding chloride of plati- 
num with potash, as a black powder, which, is a hydrate. This 
Qxide is dissolved by the excess of alkali, and forms a green solu- 
tion, which may bepome black like ink with a large quantity of ox- 
ide. Protoxide of pldtinum forms the platinous class of salts, 
which have a greeqish, or sometimes red colour, and are distin- 
guished from the platinic salts by not |ieing precipitated by 
sal ammoniac. 

Su!pht(ret of platinum^ Pt S, is thrown down as a black pre- 
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cipitate, when the protochloride of platinum is decomposed by 
sulphuretted hydrogen. It may be washed and dried without 
decomposition. 

Protochloride of platinum^ Pt Cl, is obtained by evaporating a 
solution of the bichloride of platinum t^ dryness; triturating the 
dry mass and heating it in a porcelain* capsule, by a sand bath 
at the melting point* of tin, takmg care to stir it, at the same 
time, so long as chlorine is evolved. It remains as a greenish 
grey powder, quite insoluble in water, and repelling that liquid 
so as not to be moistened by it-» This chloride is not decorp- 
posed by sulphuric or nitric acid, but is partially soluble in* 
boiling and concentrated hydrochloric acid. From the last 
solution* alkalies throw down a black precipitate of protoxide. 
When the calcination of the bichloride of platinum, at 420® or 
460®, is interrupted before* the whole chlorine^ is expelled,* the 
residue gives to water a compound of a br^wh colour, so deep, 
that the liquid becomes opaque.* This, Professor Magnus 
believes to be a combination of the two chlorides of platinum. 
A double protochloride of platinum and potassium^ PtCl + KCl 
is obtained on adding chloride of potassium to the solution 
of the platinous chloride in hydrochloric acid, and evaporating 
the liquid. . The salt crystallizes in four sided red prisms, of 
which the form is the same as a corresponding salt of palladium ; 
it is anhydrous. A protochloride of platinufn and sodium also 
exists, but does not crystallize easily. 

Ammoniacal protochloride of platinum^ PtCl+NHg, was 
obtained by Magnus, on adding solutJbft of ammonia to the 
double protochloride of j^atinum and ammonium. A green 
salt precipitates after a^ time, which is entirely crystalline, 
insoluble in water, alcohol, hydrochloric acid and ammonia. 

The green crystalline salt of Magnus is not decomposed or 
dissolved by boiling alkalies, ilor by boiling sulphuric or hydro- 
chloric acid ; so that the aQimonia or its elements are in an 
unusal state of combination. *M. J. Gros, of Wesserling, has 
formed a singular class of compounds from it. When treated 
with hot concentrated* nitric acid, the green salt is converted 
into a white crystalline -powder, which dissolves easily in water, 
leaving half the platinuih in the metallic state. The white salt is 
obtained by a second crystallization in flat prjsms; it is named 
nitrate of the chloramide of platinum by Liebig. Neither the 
chlorine nor the platinum contained in this salt is precipitated 
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' by the usual reagents. When a hot saturated solution of this 
salt is mixed with sulphate of soda, a corresponding sulphate 
of l!sss solubility is deposited^ in small needles. A hydro- 
chlorate is also obtained by adding hydrochloric acid to a 
boiling solution of the nj^rate or sulphate, which crystallizes on 
cooling in octohedral, crystals. By mixing a solution of the 
nitrate with a soluble ^oxalate, phosphate, tartrate, citrate, 
malate and saccharatc, compounds of these acids with the same 
base were produced, which are all crystallizable and less soluble 
in^the cold than the nitrate.* « 

These salts are represented as containing a substance Pt, 
Cl N2 Hg, of the same character as ammonium : 

Hydrochlorate* . • . Pt, Cl N2 He+Cl. 

Nitrate Pt, Cl N2 He O + NO5. 

Sulphate-.. . Pt,ClN2H6 04-S03. 

Oxalate . ' . . , . Pt, Cl N, Hg O + Cj O3. 

M. Liebig also suggests another view, that these salts con- 
tain a salt of platinum, analogous to the bichloride, but in 
which the second atom of chlorine is replaced by amidogen, that 
isPt + Cl.NH2. This salt is combined with chloride of 
ammonium, <in the hydrochlorate; which thus becomes anala- 
gous to the bichloride of platinum and potassium, of which 
the new salt has the form. The nitrate, sulphate, and oxalate 
are compounds of nitrate, sulphate and oxalate of ammonia 
with the same salt Pt + Cl.NHg. This last view, which is so 
simple, is opposed by'tbe fact tha^ neither chlorine nor platinum 
is precipitated from these salts by th\i usual reagents. But this, 

I thinjc, is no^ a sufficient ground forjts rejection, considering 
how little many admitted doublq. Salts are affected by the 
reagents* which precipitate the salts individually before their 
combination, such, for instance, as the double oxalate of 
chromium and potash.' r 

Corresponding platmous iodides and cyanides have been 
fqrmed. The platinous oxide has also been united with several 
acids, particularly sulphuric, nitric, oxalic ’and acetic • acids ; but 
none of these salts has-been crystallized;, except the oxalate. 

Perosnde of pla^mumy PUtinic ooside^ Pt 02 , 1433.5 or 1 X 4 . 84 . 
—By precipitating sulphate of platindm with nitrate of 

Gi’os, An. de Ch. et dc Pli. t. 69, p. 204. 
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Ijarytes, nitrate of platinum is obtained. One half of its oxide 
may be precipitated by soda, from the last salt, but when a 
larger quantity of alkali is ad^ed, a subsalt is thrown d 6 wn. 
^Yhe precipitated oxide is hydrated, very bulky and resembles 
perfectly peroxide of iron precipitated by ammonia. When 
heated, it first loses its water, and tecomes black, then its 
oxygen, and leaves metallic platinum^ Peroxide of platinum 
combines with acids, and forms a clasj of salts, which are either 
yellow or reddish brown. It has also a decided affinity for bases, 
and forms insoluble compounds with the alkalies, earths d,vd^ 
many metallic oxides. It forms also, like peroxide of gold, a 
fulminating ammoniacal compound, discovered by Mr. E. Davy. 

Bisulphuret of platinum^ Pt 83 , is formec^ by adding a solution 
of bichloride of platinum, drop by drop, to a solution of ^ul- 
phuret of potassium. It 4s dark brown and, by desiccation 
becomes black. When dried in open a portion of its 
sulphur is converted into sulphuric* acid, by the absorption of 
oxygen, and the mass becomes strongly acid. 

Bichloride of platinum, Pt CI3, 2119 or 1()9.78. — Is obtained 
by concentrating the solution of platinum in aqua regia, as a 
red saline mass, which becomes brown when depriired of its 
water of crystallization by heat. The solution of thl« salt when 
pure, is an intense and unmixed yellow; the red colour which it 
usually exhibits being due to iridium or to protochloride of 
platinum. Bichloride of platinum is soluble in alcohol, and the 
solution is used to separate potash in the analysis of a salt. 
The salt being first ignited, to €«pel ammonia, is dissolved in a 
minimum of water, and thU solution mixed with chloride of 
platinum, a yellow granulqf precipitate falls, if the^salt contains 
potash, which may be washed with diluted alcohol, and dried. 
One hundred parts of this salt are equivalent to 19.33 parts of 
potash, and to 40.39 of platinum. 

Chloride of platinum and potassium, KCl-KPt Clg, is the salt 
which falls on mixing chloride of platinum with chloride of 
potassium or any otlier salt of potash. The crystalline grains, 
of which it is composed are regular octohedrons. This salt is 
soluble to a certain exteift in water, but h wholly insoluble in 
alcohol. It is anhydrom?. A very intense J^right red-heat is 
required for its complete decomposition. The j double chloride 
of platinum and sodium, Na Cl-hPt Clj-f GHO, crys'tallizes in 
beautiful transparent prisma of a bright yellow colouf • It is 



686 


palladium. 


soluble in alcohol as well as in water. When a solutioh of 
this salt in alcohol is distilled till only one-fourth of the liquid 
remains, the solution when evaporated gives a salt containing 
the elements of ether, belonging to a class of compounds dis- 
covered by Professor Zeise, and known as the etherized 
salts of Zeise. The chloride of platinum and ammomuni 
resembles the double; salt of potassium. BonsdorfF has 
formed a large class of compounds of bichloride of platinum 
with the alkaline, earthy and metallic chlorides, in all of which 
^the salts are united in single equivalents. The bromides and 
iodides of platinum have likewise been formed, and classes of 
double salts derived from them. Peroxide of platinum has also 
been combined with acids, but none of its salts, with the 
exception of the oxalate, obtained in a crystalline state. 

SECTION 11. 

PALLADIUM. 

Eq. 665.9 or 53.36; Pd. 

This metal was discovered in 1803, by Dr. Wollaston. It 
is precipitated from the solution of the ore of platinum, after 
the removal by sal ammoniac of that rnetal, by a solution of 
cyanide of mercury, and is gradually deposited as a yellowish 
white flocculent powder, which is cyanide of palladium, and 
yields the metal when calcined. 

In external characters, palladiim closely resembles platinum. 
It is nearly as infusible, but can d^ore easily be welded. The 
densUiy of fuspd metal is 11.3 ; after being laminated 11.8. 
At a*cCTtain temperature, the surface of palladium tarnishes 
and becomes blue ‘^from oxidation, but when more strongly 
heated, the oxide is reduced, it is very slightly attacked by 
^boiling and concentrated hydrochloric and sulphuric acids. 
Palladium dissolves in nitric acid, communicating a brownish 
^d colour to the acid, while no gas is evolved if the tempera- 
ture is low, the nitric acid decomposed' being converted into 
nitrous acid. Palladiiftn dissolves with facility in aqua regia ; 
its surface is blacl|ened Iby the tincture of iodine, which has no 
effect upon platkiuin. l^is metal has a considerably greater 
affinity for oxygen than platinum. It forms two oxides, the 
protoxidp of palladium Pd O, and the peroxide Pd Oj* 
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Pr^tomde of palladium, Paliadous oxide, Pd O, 7(i5.9 or* 
6 K36.~*This oxide is obtained by dissolving palladium in nitric 
acid) evaporating the solution to dryness, and calcining the 
nitrate by a gentle heat. It forms a black mass, which dis- 
solves with difficulty in acids. When^ carbonate of potash or 
soda is added in excess to a palladouS s^lt, the hydrated prot- 
oxide precipitates of a very dark Hrown colour. This oxide is* 
easily deprived of its water by heat, but a violent calcination 
is necessary to reduce it to the metallic state. 

ProtosuJphuret of palladium, Pd S, is obtained by precigiUi- 
tion of a paliadous salt by sulphuretted hydrogen, and is of a 
dark brown colour, or is prepared by the direct union of its ele- 
ments. 

Protochloride of palladium, Pd Cl, is prepared by dissolving 
palladium in hydrochloric au^id, to which a little nitric acJ& is 
added, and evaporating the solution to diWhess, to expel the 
excess of acid. The compound i« a mass of a dark brown 
colour, which becomes black when made anhydrous by heat, and 
may be fused in a glass vessel. When heated in platinum ves-* 
sels it becomes contaminated by the protochloride of that metal. 
When dissolved with chloride of potassium, it formas a double 
salt, K Cl + Pd Cl, which is soluble in cold, and ijonsiderably 
more so in hot water, and crystallizes in four sided prisms, of a 
dull yellow. Protochloride of palladium also combines with 
chloride of ammonium and chloride of sodium, and forms double 
salts, according to Bonsdorff, with most other chlorides. Pro- 
tochloride of palladium forms j^wo ammcAiiacal compounds ; one 
of which is insoluble, greeni^ yellow and anhydrous, PdCl Nllg. 

Protocyanide of palladium, PdCy, is always formed wdien 
cyanide of mercury is added to a neutral solutiou*of palla'dium, 
as a light coloured precipitate which becomes grey after drying. 
When the solution of palladium!, is acid no precipitate is formed, 
and when the solution contains copper, • the precipitate has a 
green colour. Palladium appears to have a greater affinity for 
cyanogen than any bther metal. The cyanide of mercury even is 
decomposed when boiled with protoxide of palladium, and cya- 
nide of palladium formed* When this cyanide is dissolved in 
ammonia, and the excess of the latter allowed to escape by eva- 
poration, a precipitate of brilliant, colourlesS,^ crystalline plates 
18 formed, which ap^ars to be ammoniacal cyanide of palla- 
dium. 
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Nitrate of palladium^ Pd O, NO 5 , is formed by dissolving 
the metal in nitric acid ; the solution dries up into a dark red 
saline mass. When an excess of ammonia is added to this salt, 
and the solution evaporated by a gentle heat, a colourless am- 
moniacal nitrate is deposited in rectangular tables. 

Peroxide of palladium^ JPatladic oxide^ Pd O 2 , 865.9 or 69.36. 
— To prepare this oxide, Berzelius recommends a solution of the 
hydrate or carbonate of potash to be added, by small quantities 
atja time, to the dry biclilorid^ of palladium and potassium, 
Vnixing well after each addition. A yellowish brown powder 
separates, which is the hydrated peroxide, retaining a little al- 
kali. Washed with boiling water, it loses the greater part of its 
combined water and becomes black. This oxide dissolves with 
diffit'ulty in acids ; the solutions are yellow. The corresponding 
bisulphuret of palkdium has not been formed . 

Bichloride of palladium^* Pd Clg, is obtained in solution, 
when protochloride is dissolved in concentrated aqua regia, and 
*the solution only slightly heated. It forms a solution of so dark 
a brown as to appear black, which gives a red precipitate with 
chloride ofj^otassium. When the solution is diluted or heated, 
chlorine ga^ is evolved, and protochloride of palladium repro- 
duced, The double salt of this chloride and chloride of potas- 
sium is obtained by treating the double protochloride of palla- 
dium and potassium in fine powder with aqua regia, and eva- 
porating the supernatant fluid to dryness. It forms a cinnabar 
red powder, in which little octol\gdral crystals can be perceived, 
both the palladic and palladous double chlorides being isomor- 
phous with the corresponding compounds of platinum. When 
treated with Iiot water, this double salt emits chlorine, and is in 
a great measure decomposed. The salts of the peroxide of pal- 
ladium are scarcely known, 

SECTION III. 

IRIDIUM AND OSMIllM. 

■ t 

t Eq, 'l2S3.S or 98,8i ; It. 

t 

The black scales which remain when itative platinum is dis* 
solved in aqua regia, were discovered by Mr. Smithson Ten- 



IRIDIUM. 


GSD 


nant to contain these metals (PhiL Trans. 1804). The same 
alloy occurs in flat white metallic grains in native platinum. 
Iridium has also been observed^ in combination witli aboift 20 
per cent of platinum, crystallized in octohedrons, which are 
whiter than platinum, and are said to, have a greater density, 
namely 22.66. Osmium and iridium are separated from each ^ 
other, with considerable difficulty, by processes for which L 
must refer to the memoir of Wollaston (Phil. Trans. 1829, p. 8), 
or to Berzelius, (Traits, t. I, p. 415). 

Iridium is obtained immediately from the chloride, by decgm-^ 
posing that salt with hydrogen at a gentle heat, or by exposing 
it alone to a very high temperature, in the form of a grey me- 
tallic powder, much resembling spongy platinum. It is one of 
the most refractory bodies known,, not being fused by the oxi- 
hydrogen blow pipe. Mr. Children, however;, succeeded in 
fusing a portion of iridium into a globule, 4^ discharge of a 
very large voltaic battery. This globule was white and very 
brilliant, but still a little porous ; its density was 18.68. Iri- 
dium becomes white and brilliant by strong ignition, without 
fusion, and is afterwards insoluble in acids. If reduced by hy- 
drogen at a low temperature, it oxidates slowly wheg heated to 
redness, or when digested in aqua regia. This metal is gene- 
rally rendered soluble by one or other of the following operations. 
It is calcined with hydrate of potash or nitre,* or with a mixture 
of these salts, which gives a compound of deutoxide of iridium 
and potash. Gr, the metal is reduced to a fine powder and in- 
timately mixed with an equal wjpght of cBWride of potassium or 
sodium, and the mixture Ijfiated to low redness in a stream of 
chlorine gas. The metal then combines with chlojirie, and the 
double chloride of iridium -and potassium or sodium is formed, 
which is soluble in water, * 

Oaaidea of iridium , — Iridium forms four compounds with oxy- 
gen, which are obtained by .decomposing tjie corresponding 
chlorides. The j/rotowide of viridium^ Ir O, is obtained from 
the chloride produced when iridium is heated in chlorine gas.^ 
Also by precipitating tie double chloride of iridium and potas- 
sium (K d-flrCl) by carbonate of potash. The hydrate is 
tlien obtained of a greenii^ grey colour, “v^ich is soluble in an 
excess of the alkaline carbonate. This oxide i| the base of a 
class of. salts. The deutoxide of iridium^ Ir2 O3, Is formed 
when tht metal is calcined with hydrate of potash or ni^e, and 

y Y 2 
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is the State of oxidation which iridium mo$t readily assumes. 
Berzdius recommends as the best process fot procuring it, to 
mix the double bichloride of iridium and potassium (KCl-f 
Ir Clg) with twice its weight of carbonate of potash^ and to ex* 
pose it to a low red heat, On dissolving out the alkaline salt, 
the deutoxide remains.as‘a very fine powder, of a black colour 
\with a shade of blue. A heat above the. melting point of silver 
is required to expel the oxygen from this oxide. It is reduced 
to the metallic state by hydrogen gas at the usual temperature, 
pwWch appears to arise from the oxide of iridium having the 
property, as well as the metal^ to determine the oxidation of 
hydrogen, a reaction which causes the oxide to be heated to the 
temjperature at which it is itself reduced by hydrogen. The 
hy(|rate of this oxide dissolves in acids and forms a particular 
class of salts, of which the solutions are sometimes of a very 
dark colour, reseihykng a mixture of water and venous blood. 
Binoxide of iridium^ or iridic oxide, Ir Og, has not been ob- 
tained in a separate state, but exists in a class of salts, from 
which this oxide is not precipitated by an alkali. Peroxide of 
iridium^ Ir O3, or susiridic oxide, is formed in small quantity 
when the alloy of osmium and iridium fused in nitre is digested 
in aqua regia. The double perchloride of iridium and potas- 
sium then formed yields a rose-red solution. The salts of the 
protoxide and peroxide afford blue and purple solutions when 
mixed, depending probably on the formation of one or more 
combinations of these oxides. The name iridiuna (from Iris) 
was applied to this fromijbhe variety of colours which its 

preparations exhibit. ^ 

Sulphuret^ of iridium corresponding with the oxides of the 
same metal have Been formed, * . 

Chlorides of iridium. — Hhe protochloride, Ir Cl, is formed 
when iridium in powder is heat^ to low rednesis in chlorine gas. 
As thus preparecj it is insoluble jn water, but slightly soluble in 
hydrochloric acid. It forms do'uble salts with chlorides of po- 
tassium, ammonium and sodium. The sisquirchloride, IrgClg, 
also forms double salts, but which ar€i.not crystallizable. The 
bichloride of iridium iotmB a double salt with chloride of potas- 
sium, in brilliant bl^k octohedral crystals, corresponding wjth 
the bichloride qf^ platinum and potassium. The bichloride of 
iridium and sodium is also isomorphous^^ with the corresponding 
platinum salt. 
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Cwrbwret of iridium. — When a coherent mass of iridium is* 
held in the flame of a spirit lamp, black masses appear on its 
surface, which are a carburet, containing 19.83 per cent of car- 
bon, or Ir C 4 , The carbon bufns oflp roildily in the air. 


' OSMIUM. 

JEg-. 1244.5 or 99.72; Os. 

In the treatment of the alloy of iridium tlnd osmium^ the lat- 
ter is separated as a volatile oxide, or osmic acid. To obtaii# 
the metal, a solution of osmic acid is mixed with hydrochloric 
acid, and digested with mercury in a well closed bottle at a 
temperature of 104® (40® cent.). The osmhim is reduced by the 
mercury, and an amalgam formed,* which is distilled in a ilrtort 
till all the mercury and calomel formed are removed : osmium 
remains as a black powder without jnetalli A lustre. When ren- 
dered coherent, osmium is^ a white metal, less brilliant than pla- 
tinum, and very easily pulverised. Its density is about 10 . 
As obtained from the amalgam, osmium is highly combustible ; 
when a mass of it is ignited at a point, it continues to redden, 
and burns without residue, being converted into the volatile 
oxide or osmic acid. Osmium in the same condition is oxi- 
dated by nitric acid or aqua regia, and the ^smic acid formed 
distils over with the water and acid. But after being exposed 
to a red heat^ osmium becomes much less combustible in air, 
and is not oxidated by the humid way, resembling silicon and 
titanium in that respect. Five different oxides of this metal are 
enumerated, but osmic acra is the only one of these which is 
formed directly; the others are obtained by* the decomposition 
of corresponding chlorides, •l^he three lovjest of these oxides 
are analogous in composition to the oxides of iridium, 

' Chlorides and oanides When osmium is heated in a 

long glass tube by a spirit lati&p and chlorine ^as passed over it, 
two chlorides are formed, which condense separately in the tube, 
owing to a difference in their volatility. The protochloride^ 
Os Cl, which is the least volatile, crystallizes in needles of a 
deep green colour. It i.% deliquescent, and forms a green solu- 
tion remarkable for its beauty. This solution is instantly dis- 
ooloured by great dilution, metallic osmium i% depqsited, and 
hydrochloric and osmic acids remain in solution. Chloride of 
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‘ osmium combines with alkaline chlorides, and acquires greater 
stability. The protoxide is obtained by adding potash to a so- 
lution of this double salt; after some hours, a deep green, almost 
black, powder is precij^itated, which is the hydrated oxide. 
This hydrate contains ^kali. It dissolves slowly but com- 
pletely in acids, and give! solutions of a deep green colour. 

^ ^ Deutoxide of osmium^ Os^Og, is obtained by heating a solu- 
tion of the osrniate of ammonia to 100® or 140®, when nitrogen 
gas is disengaged and deutoxide deposited. The oxide contains 
ammonia. It dissolves slowly, in acids, and forms yellowish 
^brown solutions, which become of a brown black when they 
contain much oxide. The metal is not precipitated from these 
solutions by zinc or iron. The corresponding sesquichloride of 
osmium is obtained in combination with chloride of potassium, 
as a'^^double salt, when the preceding ..oxide containing ammonia 
is dissolved in hydrochloric acid, and evaporated to dryness; 
the compound is not crystalline. 

Bichloride of osmium^ Os Clg, is the more volatile chloride 
produced when osmium is heated in chlorine. It condenses as 
a dark red floury powder. Exposed to air, it attracts a little 
moisture, and forms dendritic crystals. This salt is soluble in 
little water,„ giving a yellow solution, but is decomposed by a 
large quantity, like the protochloride. The bichloride of os- 
mium and potassitim is prepared in the same manner as the 
corresponding salt of iridium. In powder, it is of a red co- 
lour like minium, but forms also the usual octohedral crystals, 
KCl-fOsClg, which uns brown. solution of this double salt, 
mixed with carbonate of potash or s^)da, affords after a time, or 
immediately, if heated, the corresponding peroxide of osmium^ 
Os Og, as a Hrown 'powder, which appears black when collected. 
It is a base capable ^f uniting with acids at the moment of its 
formation. This oxide like thq, peroxide of iridium is reduced 
by hydrogen at the usiial temperature. 

Osmic acidi Os O^, or the volatile oxide of osmium is best 
obtained by the combustion of osmium in sf glass tube through 
which a stream of oxygen gas is pasjied. It condenses in 
long colourless, regular prismatic needles. The odour of this 
compound is extremely * acid and penirtrating, resembling that 
of the chloride ^cl!F sulphur. It was from this property of 
its acid, which is so constantly observed when the oxidable 
compounds of osmium are heated in air, that osmium obtained 
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its name (from oV/uo? odour). Its taste is acrid and burning, 
but not acid. It becomes soft like wax by the heat of the 
hand, melts into a colourless liqpiid like water considerably l)e- 
low 212®, and enters into ebullition a very little above its point 
of fusion. It is dissolved slowly, but in considerable quantity, 
by water. The solution has no acid reaction. Osmic acid is 
also soluble in alcohol and ether, but iiiese solutions are apt to 
deposit metallic osmium. It is a weajr acid, being incapable of 
displacing carbonic acid from the carbonates, in the humid way, 
but forms a class of salts, the osmiates. Osmic acid is expeUad 
by heat from most of its combinations with bases. A terchlo- 
ride of osmium has been obtained in combination with chloride 
of ammonium, as a double salt, when osnjic acid is saturated 
with that alkali, and treated, after time, with an excess o fjiy- 
drochloric acid, mercury boing also placed in qoiitact with it. 
After a few days, the liquid loses the odoi#.^ of osmic acid, and 
when evaporated to dr5mess leaves*the double salt, in brovrn 
dendritic crystals. The oxide corresponding with this chloride. 
Os O3 is hypothetic. It cannot be extracted from the above am- 
moniacal compound, for when an alkali is added to it, ammo- 
nia which is set free immediately reduces the precipitated oxide 
to the state of deutoxide> 

Sulphurets of osmium . — Osmium has a great affinity for sul- 
phur, burning in the vapour of that substance, and appears to 
have as many degrees of sulphuration, as it possesses oxides. 

SECTI'^N IV. 

RHODIUM. 

Eq, 651.4 j)r 52.2; R. 

• 

This metal was discovered, J)y Wollaston, ui the ore of pla- 
tinum. He found the ore from Brazil to contain 0.4 per cent ; 
native platinum from*another locality has been found with so , 
much as 3 per cent of rhodium. 

After the precipitation of the palladium from the solution of 
native platinum, by cyanide of mercury,* the solution, in order 
to obtain the rhodium, may be mixed with a Jittle hydrocho- 
ric acid, and evaporated to dryness. The cyanide* of mer- 
cury in excess is decomposed by the hydrochloric acid, 
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and converted into chloride of mercury. The dried mass is 
reduced to a very fine powder, and washed with alcohol of 
density 0.837, which takes upjthe double chlorides of sodium 
with platinum and iridium, the copper and mercury, but leaves 
the double chloride of rhodium and sodium in the form of a 
fine deep red powder.* The rhodium is most easily reduced by 
^ gently heating the double chloride in a stream of hydrogen gas, 
and afterwards washing oyt the chloride of sodium by water. 

Rhodium when rendered coherent, is a white metal like pla- 
^tMMira, of which the density is •about 11. It is brittle and very 
hard, and may be reduced to powder. When pure, it is not 
dissolved by any acid. But when alloyed with certain metals, 
such as platinum, popper, bismuth or lead, and exposed to 
aq\ja regia, it dissolves along with those metals. When fused 
with gold or silver, however, it is not dissolved with the other 
metal. But the m^it eligible mode of rendering rhodium solu- 
ble, is to mix it in fine pdwder with chloride of potassium or 
sodium, and to heat the mixture to low redness in a stream of 
chlorine gas. A double chloride is then formed, as with the 
other platinum metals in similar circumstances, which is very 
soluble inr water. The solutions of rhodium have a beautiful 
red colour? the circumstance from which the'metal derives its 
name (from pocovy a rose). Rhodium may also be rendered so- 
luble in the dry way, by fusing it with bisulphate of potash, 
when the metal is oxidated with the escape of sulphurous acid 
gas. Rhodium is the most oxidable of the platinum metals, 
combining with oxygen when heated to redness in an open ves- 
sel, and very readily when in fine y owder and heated to a clierry 
red heat. Jt appears to form two oxides, the rhodous and the 
rhodic, of which, however, the lasfr only has been isolated. 

Oxides Rhodic oxide, Rg O 3 , is produced when 

the metal is ignited with hydrate of potash and a little nitre, in 
a silver crucible., The metal sv^ells up and becomes of a coffee 
brown, it is then a compound df rhodic oxide and potash, which 
must be washed with water and afterwards digested in hy- 
drochloric acid ; the hydrated oxide remains of a grey colour 
with a shade of green and insoluble inacids. The same hydrated 
oxide, as obtained from the double*^ chloride of rhodium and 
potassium or spSium by precipitation with an alkali and evapo^ 
ration, dissolves slowly in acids, with a Certain quantity of Alkali 
which^is attached to it, assuming a yellow colour and producing 
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double salts* The solution in hydrochloric acid is also pale, 
although it contains chloride of potassium, while a solution of 
the double chloride prepared in fhe way formerly rnentione'cl is 
a fine red* Hence Betjseliua infers that there are two isomeric 
modifications of this oidde, of which th^ combinations, when in 
solution, are rcwspectively yellow and rose colouredi The hy- 
drated rhodic oxide contains one atom V)f water, RgOa + Hci; 
two compounds of rhodic oxide with §. protoxide of the same 
metal or rhodous oxide, appear to exist, RgOj-fSllO and 
R203-f 2RO. The known compounds of rhodium are not iso* 
morphous with compounds of platinum, but this may arise from 
these two metals affecting combination in different proportions, 
so that their compounds are not analogous in,conipOwsition. Their 
association and resemblance in otli^er respects afford a str^ig 
presumption of their being isomorphous' bodies* • 

Sulphuret of rhodium. — Rhodium may *^6 united with sul- 
phur by either the dry or humid wajr* The sulphuret of rho- 
dium was used by Wollaston to obtain the metal in a coherent 
mass. 

Chloride of rhodmm^ R2CI3 is obtained from the double chlo- 
ride of rhodium and potassium, by precipitating the latter metal 
by fluosilicic acid. The dry salt is of a brown black and not 
crystalline, it requires a pretty high temperature to decompose 
it, and then resolves itself at once into chlonne and rhodium. 
This salt deliquesces in air ; its solution in water is of a beau- 
tiful red colour. It appears to exist in combination with a 
protochloride of rhodium, in tbf rose reef powder obtained by 
heating rhodium in a streai]^ of chlorine, R2CI3 + 2RCL The 
double chloride of rhodium and potassium^ prepared ^y the action 
of chlorine upon a mixture «f rhodium and ciiloride of potos- 
sium, is 2KCl + RaCl3 + 2HO.^ It retains fliis water at* 212", 
but loses it at a higher temperakure, this salt rarely crystallizes 
well, but its crystals according to Wollaston„ are rectangular 
four sided prisms, terminated 6y four sided pyramids. The 
formula of the double chloride of rhodium and sodium is 3 Na, 
Cl-i-R2Cl3-l- 18 HO; ittforms large prismatic crystals. Their 
solution is of a beautiful rase colour. 

A sulphate of rhodium^\& formed when rhodium is ignited 
with bisulphate of potash, it gives a yellow solution. Another 
sulphate in combiiiatioft with sulphate of potash gradually falls 
as a white powder, when sulphurous acid is added to a Jjolution 
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of the double chloride of these bases. It is nearly insofuble 
in water, its formula is KO, SO3+R2O3, SSOj. The nitrate of 
rhOdwm is formed by dissolving the oxide in nitric acid. It 
forms a deliquescent salt of a dark red colour, B203-)-3NOg ; 
the last salt combines,, with nitrate of soda, forming dark red 
crystals sc^ible in water but not in alcohol, NaO, NO5 + R2O3, 
3NO5. ' 



PART III. 

ORGANIC CHEMISTR 


CHAFFER L 
S E C T I O N I. 
PRELIMINARY OBSERVATIONS 


By organic substances are meant (fefinite chemical compounds^ 
found ready formed in organized beings, and their modifications 
produced by artificial processes which may be greatly varied. 
These substances are known to be definite in composition when 
they are crystallizable, or when they enter into compounds that 
are crystallizable ; or have, if liquid, a fixed boiling point. 
In their number, which has been vastly increased by late re- 
searches, are found many acids, several alkaline bodies, and a 
large class of neutral substances which cannot be assimilated to 
any class of inorganic compounds. Recent inquiries have 
disclosed some unexpected relJtions between different organic 
substances, and supplied 4fae means of associating groups of 
them from similarity of ooraposition. Theye is tfie same evi- 
dence of the existence in tKeae substances of compound radicals, 
which may be transferred fronj a state of combination with one 
element to another, as in the com’^ounds of the inorganic kingdom 
allowed to contain such constituents; although the organic radicals 
cannot be isolated ^d exhibited in a separate state, except per- 
haps in a single instance. The radicals most characteristic (d* 
organic compounds, Ifitherto investigated, are of the basylc 
class, bodies resembling therefore the ipdtallic elements in their 
functions and the series of compounds with ^alt radicals which 
they are capable of fojming. Of ajl these liyixithetical radicals 
ammonium has served as the prototype ; they are alfowed how- 

z z 



698 


PRELIMINARY OBSERVATIONS. 


ever to differ in one respect from ammonium and the metals, 
namely in combining readily with hydrogen, which element acts 
towards them as a salt-radical. The supposed prevalence of such 
radicals in the constitution of organic compounds has led M. 
Liebig to define organic chemistry as the chemistry of com^ 
pound radicals; the vh(5e of which* indeed as are of a basyle 
^character, including amnjonium itself, may be properly assigned 
to this department of the science. 

Many organic substances are highly complex and contain a 
lajge number of atoms; a circumstance which renders them very 
liable to change, and has led to the observation of peculiar 
modes of decomposition among organic compounds, indicating 
novel modes of the action of chemical affinity. 

COMPOSraON> OF ORGANIC SUBSTANCES, AND METHOD OF 
ANALYSIS. 

f 

The elements which usually enter into organic substances are 
few in number, namely carbon, hydrogen, oxygen and nitrogen* 
Some organic substances contain only carbon and hydrogen, as 
olefiant gas and other hydro-carbons ; more frequently carl>on, 
hydrogen and oxygen, as sugar, gum, many neutral bodies, and 
most organic acids. To these a fourth element is^ added, 
nitrogen, in the vegeto-alkalies and various other compounds 
which belong more usually to the animal than vegetable divi- 
sion ; indeed carbon prevails in the organic world, as silicon 
does in the mineral, and^ as hiost minerals are silicates, so 
organic substances are the compov nds of txarbon. To these 
eilements cei;/:ain others are occasion^illy added, although most 
usually by artificial processes, a§ chlorine in the place of 
hydrogen, and sulphur, phosphor^is, arsenic or tellurium in that 
of oxygen. The elementary analysis of organic matters is deter- 
mined with much exactness, and by means so simple and 
rapid of execution as to render an ultimate analysis often the 
piost ready test of the purity of a substance. The process 
followed, consists in burning the matter to he analysed by means 
of oxide of copper, sb as to convert its carbon into carbonic 
acid and its hydrogen into water, which are both collected and 
weighed ; when fthe matter pontains nitrogen, the latter is col- 
lected in the form of gas. Tlie oxygen, which the matter contains. 
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is represented by the excess of its weight over the sum of the* 
weights of the carbon, hydrogen and nitrogen found. I shall 
merely sketch the outline of tjiis fundamental and highly im- 
portant process, referring for the minute instructions necessary 
for its exact execution to Professor liebig’s valuable tract on 
Organic Analysis.* * • 

The nitrate of copper, decompose^ by a red heat in an/ 
earthenware crucible, gives a fine light oxide, very suitable for 
the combustion process, and of which a considerable quantity 
must be provided. It is a property of this oxide to be reducgd 
with extreme facility at a red heat, by carbon or hydrogen, ancf 
at the same time to resist an intense temperature, when heated 
apart from combustible matter, without ^ losing a particle of 
oxygen. The substance to be anajysed, or burnt with oxide of 
copper, we shall suppose to be sugar. , ^ 

The tube for combustion is of the most diifficultly fusible glass, 
free from lead ; no variety answtjrs better for it than the 
white Bohemian glass. It is generally about 0.4 inch in inter- 
nal diameter, and 14 or 15 inches long, drawn out, bent and 
Fig. 85. sealed at one end, 

as represented (Fi- 
gure 85,) and open 
at the other. Tohave 
some measure of the quantity of oxide of copper to mix with 
the substance to be analysed, the tube is to be filled to 
three fourths of its length with pure oxide of copper, out 
of a crucible in which it haifjust been* ignited, and while 
it is yet warm. From 5#:o 7 grains of dry loaf sugar in 
fine powder are first rubbqd in a porcelain mortar^ with a little 
oxide, with which it is inthq/ately mixed, and by degrees the 
whole oxide of copper is addled, which wds measured’ in the 
tube. Having first introduced •pure oxide of copper, so as to 
fill about half an inch at the cV>sed end of the Aube, the mixture 
from the mortar is ^hen introduced, followed by a portion of 
oxide employed to rinse out the mortar, and the last covered^ 
by pure oxide, so as toffill up the tube to within one inch of 

• 

* Translated by Dr, W. Gregory, and forming Part I of Griffin’s Scientific Mis- 
cellany. Tegg, London. 
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its open .extremity. The lengths occupied by the different 
layers of pure oxide, mixture, rinsings of mortar and again pure 
oxide are indicated by dotted lines in the figure. The weight of 
the whole oxide of copper used generally exceeds 1200 grains. 
In these operations, tfee oxide of copper inevitably absorbs a 
quantity of moisture from the air, wTiich may amount to 0.2 
\or 0.3 grain, and which coming off afterwards during the ig- 
nition would vitiate the determination of the hydrogen. The 
tube and oxide must therefore be dried by a heat which will 
nqt decompose the sugar. This is done by placing the com- 

Fi0. 86. 



t 


bustidn^ tube C, in a wooden trough "D, (Fig. 86) and covering 
it with sand of the' temperature, of ^0® } connecting it at the 
same time by a perforated corK b, with a tube B, containing 
fragments of chloride'of calciun 9 ,<’and an exhausting syringe A. 
By means of the latter, air and moisture are withdrawn from 
the combustion tube, the moisture being retained by the 
chloride of calcium iuB; air is then admitted to C by the 
stopcock fl, and withdrawn again by fte syringe ten or twelve 
times. The mixture may then be considered dry. 

The furnace for the combustion is made of sheet irbn of a 
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Pig. 87 . 



trough form (Fig. 8/ ), 22 to 24 
inches long and 3 inches high. 
The bottom is 3 inches wide* with 
narrow apertureg about half an 
inch aynrt, which form a sort 
of grate; ‘the sides of the fur- 
nace are inclined outwards, and 4^ inches apart at top. Tcl 
support the combustion tube, piCcCiS of strong sheet iron of 
Fig. 88. *‘’‘® rivetted to the 

X a 1 bottom of the furnace, at intervals ; the^i’ar^ 
D /of exactly equal height, with their edges 
\:S/ ground flat, and correspond with the round 
aperture in the front of the furnace. A.. The furnace rests 
upon two thin bricks supported upon two blocks of wood, \^ich 
are separated a little by a* wedge, so as to elwate .slightly the 
further end of the furnace as in Fig. 89. 


Fig. 89 



When the heat is to be increased, tlie furnace is raised a 
little on one side,^y a tUn bit of tile placed below. Good 
charcoal, is the fuel employed in this furnace ; tljp combqstion 
may be animated by fanniftg^the burning embers with a Square 
piece of pasteboard; which is safer than*raising the furnace 
oflT the .bricks. Immediately Connected with the combustion 
tube, by means of a, perforated cork, is if tube of the form 6 
(Pig. 89), containing fragments of strongly dried, but not fused 
chloride of calcium. In this tube is condensed the water 
fomed in the combustion, of which the weight is ascertained 
by, yreighiiig the tube, before and after the combustion. Beyond 
th&chlpride of caleihm tulle and connected with it by a short caout- 
chouc tube, -c, is a glass instruineqt m r, containing a strong, 
solution of caustic polash, 0 / density 1.25 to 1.27, for the ab- 
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sorption of the carbonic Add produced in the conabustion, 
This instrument consists of five balls, of ■which m is lArgei^ than 
the (tthmi more of the potash ley is put into it^an tills 
the three central bulbs, lea'ving a bubble of air in each. One 
corner is elevated a littlp by a cork placed under it, and the 
whole supported upon a folded towel ; the potash apparatus, 
\when filled with ley, commonly weighs from 750 to 900 ^ains. 
This apparatus is also weighed before and after the combustion, 
and the increase ascertained. . 

^ cBefiare introducing the combustion tube into the furnace, it 
must be tapped smartly in a horizontal position, so as to pro- 
duce a vacant space above the oxide of copper through the 
whole length of the tube, by which the gaseous products may 
escape (Fig. 85). The same precaution must be taken in the 
preparatory operation of drying the oxide of copper, otherwise 
it often happens that a portion of the oxide is thrown forwards 
out of the tube. Before beginning the combustion, it is neces- 
sary to ascertain that all the joinings are tight, by sucking out 
a bubble or two of air from the apparatus, by means of the 
Fig. 90. suction tube (Fig. 90), applied by means of a per- 
, forated cork not titting very tightly to the open end 
' of potash apparatus. The slight exhaustion 
causes the ley to stand \k or 2 inches higher in 
the inner limb m of the potash apparatus than in 
the outer limb. This elevation will be maintained 
if no enters by the cork or caoutchouc joint, 
and the apparatus is “then cef vainly tight, but not so, if the 
level changes and the liquid falls back in^ the middle part of 
the apparatus. „ 

In ‘conducting the combustion^, the anterior portion of the 
tube, cbntmning only oxide of eppper, is first surrounded by 
red hot charcoal. The fragments of charcoal are kept in their 
place and the heat ' prevented from spreading, by a screen, 
Fiti. 91. (Fig. 91) of sheet iron, of the same width as the 
furnace. This screen is dowly moved backwards, by 
\ half ah inch to an inch at a time, and the fire space 

vjyl immediatdy filled up with -red hot charcoal, so as to 
raise rapidly the portion df tube newly expensed to 
a red heat. A screen (Big. ^2) should be placed upon the front 
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Fi 0 . 92. of furnace, to prevent the cork being burned and * 
the cbloride of calcium tube being lieated, by radiation 
jSpi|H| from the furnace. But the fore end of the tube, which 
(llI.IBr | ijg empty and projects an inch beyond the furnace, 
should kept so hot during the yhole operation tliat no 
water condenses in it ; In the course of twenty minutes or 
half an bpur the screen has been movi^ to the end of the tube./ 
and the combustion completed. When tV evolution of gas 
stops all at once, the combustion is certainly complete, and a 
good result is obtained ; the tube should be heated red hot,^b'^t 
not to bright redness ; it begins to stick to the supports when 
heated too hot. 

As soon as tlie evolution of gas terminates, the potash ley 
begins to rise into the bulb m. fhe pointed extremity of the 
combustion tube should then be broken by n^eans of a pl^r of 
pliers, after removing the cliarcoal from ttaat end of the furnace. 
An open tube 4, 12 or 15 inches long, is then placed over the 
opened end, and supported by a stand, (Fig. 93), while by 


Fig. 93. 



means of the suction tube B, a (%rtain quan^ty of air is drawn 
by the mouth through the potash apparatus. The whole wa- 
tery Yapour and rarbonic acid remaining in the combustion 
tube, are thus brought into the chloride of calcium tube and 
potash apparatus, and completely absorbed. 

The data furnished the combusfion afford the means of 
calculating the composition of the substiancp analysed, as the 
composition of watet" and carbonic acid is kJiown,*the former 
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'consisting of 1 hydrogen and 8 oxygen in 9 parts, and the 
latter of 27*675 carbon and 72.325 oxygen in 100 parts : 

The hydrogen is one ninth of the increase of weight in the 
chloride of calcium tube. 

The carbon is 27.67 p^ cent, of the increase of weight in the 
potash bulbs. e ” 

‘ The oxygen is the qumtity obtained by adding the weights 
of the hydrogen and carbon together, and deducting their sum 
from the weight of matter originally employed. 

The following are the detail^ of a particular analysis of sugar 
^(Dumas). 

Weight of Sugar. . . . 600 

Weiglit of Carbonic Acid. 921 
r» Weight of Water. . . . 353 

These give by calc;;dation : — 

Carbon. .... 254.6. .42.4 
Hydrogen. . . . 39.2, , 6.5 

Oxygen 306.2. ,51.1 

600 ..100 

The atomic constitution of sugar is obtained £rom these re- 
sults, by dividing the quantities of carbon, hydrogen and oxygen 
in the last columii, by their equivalents, 76, 12.5 and 100. 
We thus obtain 0.558 of an equivalent of carbon, 0.520 of an 
equivalent of hydrogen and 0.511 of an equivalent of oxygen, 
which are more nearly ^proportional to the following than any 
other whole numbers, 12 carbon, ll^ydrogen, 11 oxygen j and 
give CijHuC^j, the usually received formula for cane sugar. 

The estimation of nitrogen, when <present in an organic subs- 
tance, requires another combustion in which that gas is deter- 
mined by measurement. This ^^s generally escapes in a free 
state, mixed witl} the carbonic %cid and watery vapour j but 
frequently deutoxide of nitrogeti is formed, which renders the 
determination of the nitrogen difficult ; to decompose the latter 
it is necessary to have a portion of copper turnings in the an- 
terior part of the tub«>, which are keptat a full red heat during 
the combustion, as from* the screen »» fFig. 94) to the mouth of 
the tube. This ^ followed by a layer of pore oxide from m to 
B, and then the mixture fridm B to A ; Rs soon as the copper 
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and oxide are at a red heat, the tube is heated from the closed 
end, a second screen n being •gradually advanced from tlmt, 
extremity. When the proportion of nitrogen is not inconsi- 
derable, it is generally sufficient to determine its relation by 
volume to the carbonic acid evolved at the*same time. This is 
done by attaching a bent quill tube (Fig. 94) to the mout^i of 
the combustion tube, by vfhich the gas evolved is conveyed to 
the mercurial trough, and collected at dilBferent stages of the 
combustion in a small graduated jar. By passing up a few 
drops of caustic potash into the gas in the jar, the carbonic 
acid is absorbed and the nitrogeij^ remains. If the proportion 
between the volumes of the two gases thus observed is the 
same in sevei’al successive trials, and no red nitrous fumes be 
perceived on mixing the gas with air, this result h sufficient 
for the nitrogen. The whole quantity of carbonic acid pro- 
duced in the combustion being known from a previous analysis 
conducted in the usual way, we can obtain the volume of ni- 
trogen by calculation, and thence its weight. Or, as two volumes 
of carbonic acid and of nitro^n represent both one atom of 
carbon and nitrogen, the al^ms of these two gases are in the 
same number as the volumes observed; consequently when 
the weight of the carbonic kqjd is known, that of the nitrogen 
may be calculated from the atomic weights of carbonic acid 
and nitrogen. • 

For the analysis of uric acid, in which the volumes of the ni- 
trogen and carbonic ^collected are as 4 to 10, and of bitartrate of 
ammonia in which they are as 1 to 8, this method answers very 
well, but when the proportion of nitrogen is smaller than the last, 
or when the nitrogen appears in a variable^roportion at different 
stages of the analysis, thAi it is necessary to collect and measure 
the whole nitrogen evolved, which is pot easily dcaie with accuracy. 
To get rid of the nitrogen of the air contained in the tube, a 
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combustion tube is chosen 24 inches long, 6 inches of which at 
the closed end are filled with carbonate of copper, then follow 
2 inches of pure oxide of coppef, next the mixture of the subs- 
tance with oxide of copper, then another layer of pure oxide, 
and lastly a layer of copper turnings. The air is exhausted 
from the tube by a syringe, and the tube filled with carbonic 
acid by heating one hajf of the carbonate of copper ; the ex- 
haustion and evolution of carbonic acid are several times re- 
peated, till the whole air is certainly withdrawn from the tube, 
^ a^ifl the latter is filled with carbonic acid. The combustion of the 
mixture is then conducted as in the previous case, the gases 
however are received in a large graduated jar, over mercury, half 
full of a strong sojiution of caustic potash. After the com- 
bustion is completed, heat is again applied to the end of the 
tube containing the remaining half of the carbonate of copper, 
and carbonic acid evolved which sweeps out the last portions 
of nitrogen into th^e receiver, where the volume of that gas is 
observed, 

MM. Will and Varrentrapp have lately proposed the follow- 
ing excellent method of demrmining the nitrogen in organic 
substances, which is likely to supersede every other. The sub- 
stance is mingled with a mixture of caustic lime and hydrate of 
soda, and heated to redness in a combustion tube. All the 
nitrogen of the sdostance escapes as pure ammonia, which may 
be condensed in a small apparatus containing dilute hydrochloric 
acid. This liquid is afterwards mixed with chloride of platinum, 
and brought to di^rifess in a <water-bath ; the double chloride 
of platinum and ammonium remmqjng is washed with a mixture 
of alcohol and ether, in which it is perfectly insoluble. The 
quantity of nitrogen is calculated firom the weight of the chloride 
of platinum and ‘ammonium, or from the metallic platinum 
which it leaves behind when heated to redness. 

Oxide of copper is not applicable for the combustion of subsh 
tances contmning chlorine, dwing to the vdatility of the 
chloride of copper, a portion of which passes into the chloride 
of caldum tube, and vitiates the determination of the hydrogen. 
Chromate of lead i» then employed in the combustion tube, 
with the same manipulations as with oxide of copper. This 
salt must firstolie strongly ignited till it begins to melt and 
then be deduced to a very fine powder the chloride of lead is 



ORGANIC ANALYSIS. 


707 


perfectly fixed at a low red heat. The chromate of lead is not 
in the slightest degree hygroscopic, and is likely to be preferred 
to oxide of copper, where it^is desirable to determine the 
proportion of hydrogen with extreme accuracy. 

Notwithstanding the great value of the analytical results of this 
method, and the agreement almost perfect in repetitions of the 
same analysis, there can belittle doub^that the method itself is 
not absolutely exact. From the rigorous examination to whicli 
the combustion process has lately been submitted by M. Dumas, 
it appears to give less than thettrue quantity of carbon. The 
loss of carbon is ascribed to several causes : some is deposited 
here and there in the tubes and for want of oxygen not burned; 
the reduced copper is partly converted intq carburet of copper ; 
the liquid potash allows a portion of the carbonic acid to escape, 
and lastly the air which is*drawn through the apparatus takes 
up some water from the same potash and tHminishes its weight. 
This loss of carbon was hitherto (Jbnceale& by carbonic acid 
being allowed to contain more carbon than it really has, so 
that the carbon lost in the process was made up in the calcu- 
lation; and the formulee dedu&d from analyses are only 
true from the accidental compensation of these t^vo errors. 
Dumas reduces the proportion of carbon in carbonic acid from 
27 . 6*7 to 27.27 per cent, and obtains for the atom of that 
element the number 75, instead of 76.4. Thfs important result 
he has deduced by collecting and weighing the carbonic acid pro- 
duced by the combustion of a known weight of pure charcoal, in 
the forms of graphite and the diamond.’*^ * Drs. Marchand and 
Erdman of Berlin have repeated these analyses with the same 
results; it is now indeed^ generally allowed thaj^ the atomic 
weight of carbon of Berzelius is too high,* but chemists are 
not yet agreed as to the amouut of reduction to be’ made. 
MM. Redtenbacher and Liebig conclude that the atomic 
weight of carbon is the interi^aediate hunrber, 75.854, from an 
elaborate series of experiments undertaken to determine the 
point, in which the proportion of silver in the acetate, malate^ 
racemate and tartrate mf that base was ascertained with great 
accuracy ; the atomic weight of silver, respecting which there 
is little uncertainty, beiri^ taken at 135 1.6. ^ It has also been 

* MM. Dumas and Stasis Annales dc Ohimie el de rtiy8iquc43mc. S^rie, 
tomel.p.S. (1841). 



708 


MODIFICATIONS OF ORGANIC COMPOUNDS, 


sliewn by Dr. Clark that when certain corrections are made on 
the calculations of Berzelius* experiments, they really give a 
nunri>er for carbon nearly appfoaching to this. 

To give the process of organic analysis all the precision of 
which it is susceptible 5 ^ M, Dumas requires attention to the 
following circumstances. 1. To triple at least the quantity of 
matter usually employed. 2. After the ignition of the com- 
bustion tube to pass thro, ugh it a large quantity of oxygen, so 
as to burn the deposited carbon and re-oxidate all the copper, 
^yhich gets rid of the carburet of copper. 3. For the reception 
of the water to employ a chloride of calcium tube accompanied 
by a tube filled with fragments of pumice impregnated with oil 
of vitriol. 4. To a))sorb the carbonic acid, Liebig’s bulb ap- 
paratus containing solution of potash is to be used, accompanied 
by tubes containing potash moistened with the potash ley on 
one side, and dry ptosh on the other ; the dry potash arrests 
the water with which the ^as has become charged by passing 
through the liquid in the bulbs.**^ The most important obser- 
vation of Dumas is that the combustion of the carbon is never 
complete, unless oxygen be ptssed through the tube containing 
the mixture of oxide of copper and matter to be analysed, and 
the matter! be thus burned in an atmosphere of oxygen. This 
is the principle of the method of organic analysis originally prac- 
tised by Dr, Proulc, by which he was led to the conclusion that 
the atom of carbon is exactly 6 on the hydrogen scale, or 
on the oxygen scale.| M. Dumas, who now adopts this con- 
clusion, has therefote’' been conducted to it by a recurrence to 
Dr. Prout’s own mode of investigation. 


MODIFICATION^ OF ORGANIC COMPOUNDS PRODUCED BY 
ARTIFICIAL PROCESSES. 

<• 

< . r 

It is generally stated that na substances properly organic can 
be produced by directly uniting their ‘ ultimate elements ; 
although a few organic compounds may be formed from subs- 

• ABnales de Chinee et de Physique, 3me Sdrie, tome 1, p. 39, where the im- 
proved process is mi,uutely described and the apparatus figured. 

t Phil, Trans. 1827 ; or Braude’s Manual of CbernWry, p. 1060 . 
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tances less complex than themselves, but which arc not ele- 
mentary; as urea from cyanic acid and ammonia, the acid 
named, in common with cyanogen itself and all its compounds, 
being considered organic, because usually deriv.ed from the de- 
composition of azotised matters. But has unequivocally been 
proved that nitrogen gas unites witl\ charcoal under the influence 
of carbonate of potash at a red heat, aftd forms cyanide of po- 
tassium (L. Thompson, Fownes).* .The last salt also yields 
ammonia when decomposed by water ; so that cyanogen, and 
through cyanogen ammonia, cm be primarily derived from 
their elements contained in the inorganic world. The usual 
course however pursued by the chemist in this department is 
to form new compounds by the alteration of compounds sup- 
plied to him by nature. These clMinges he effects by varj()us 
agencies, such as hydrate df potash, distillation by heat, acids, 
oxygen, chlorine, &c. The most uniform ^nd definite of these 
actions are those of a hydrated alkali* and dry distillation. 

Distillation with an alkali . — When an organic substance con- 
taining no nitrogen is fused with a sufficient quantity of hydrate 
of potash, no charcoal is liberated. The products formed are 
those which result from oxidation ; water is generally decom- 
posed, of which the oxygen enters into combination with the 
hydrogen and carbon of the organic matter, while the hydrogen 
is disengaged as gas. Thus when acetate of soda is decomposed 
by hydrate of barytes, the hydrogen of the latter is liberatedj^ 
M. Dumas has shewn that alcohol and other bodies of the 
same character, distilled at a mCderate heat with a mixture of 
hydrate of potash and quicklime, each gives rise to a peculiar 
acid, which remains in coipbination with the^pota^Ji, by losing 
2 eq. of hydrogen (disengage^ as gas), and acquiring 2 t'q. of 
oxygen ; alcohol to acetic acid, .wood spirit to* formic acid, fousel 
oil to vqjerianic acid, ethal to ethalic acid ; and that this mode 
of decomposition is characteristic of alcohols. .Glycerine, which 
in some respects rqpembles an alcohol, when treated in the 
same way, but at a very low temperature, does not give a pe-. 
culiar glyceric acid, but resolves itself into acetic and formic 
acids, with the loss of twor equivalents of liydrogen and assump*- 
tion of two of oxygen, * Acetone transmitted in the state of 

. 

• Originally observed by Desfosses; Journal de Pharmacie, t, 14, p. 280 (1828). 



710 


MODIFICATIONS OF ORGANIC COMPOUNDS. 


vapour over the mixture of hydrate of potash and lime heated 
to redness, gives nothing but carbonic acid, which remmns in 
comftination with the alkali, and light carburetted hydrogen 
C2H4. The vapour of aldehyde passed over the same mixture 
at a lower temperature giyes acetate of potash and free hydrogen, 
losing only one equivalent pf hydrogen and acquiring one of 
oxygen, or the reaction Is similar to what occurs with the next 
substance to be mentioned, to which aldehyde has considerable 
analogy.* Oil of bitter almonds distilled with dry hydrate of 
( potash, gives hydrogen gas and°benzoate of potash. 

According to the temperature, mimic, acetic and oxalic acids 
appear in other cases, or carbonic acid only. Thus tartaric acid 
fused with hydrate, of potash gives the acetate and oxalate of 
potjash. Acetate of potash distilled with a mixture of hydrates 
of potash and 'lime, gives carbonate of potash and light car- 
buretted hydrogen gis, which on that account is also named the 
gas of the acetates. Fofmic acid, alcohol, and bodies in general 
consisting of carbon, oxygen and hydrogen, when distilled with 
anhydrous barytes, give the same gas. When substances con- 
taining nitrogen are boiled in a solution of caustic potash, 
or fused with the dry hydrate, ammonia is evolved, and acids 
containing'Uo nitrogen remain in combination with the potash. 
Some bodies containing much nitrogen lose only, with dry 
hydrate of potasii, a portion of their nitrogen in the form of 
.ammonia; and the rest acquiring oxygen, assumes the form of 
cyanic acid, and is protected by the potash from farther de- 
composition. " 

When the acetate of any metallio^ oxide capable of retaining 
carbonic acid at a, red heat, such as the acetate of soda, potash, 
barytes, &c., is distilled, a carh^pdate remains in the retort, 
while a combustible liquid, acetone C3H3O distils over. 
M. Fremy has shewn that sugar, starch and all those, ternary 
compounds of carbon, hydrogen i*nd oxygen, in which the two 
last are in the proportion to form water, are decomposed 
.when heated in contact with lime in the Same manner as 
acetic acid. They afford acetone, with ivater and carbonic acid. 
Benzoic acid dikilled with three times its weight of hydrate 
of lime forms carbonate of lime, with a volatile liquid Cja Hg, 

♦ AnnHles do Chimie et de Wiysiqtie, tome 73, p. 113. 
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the benzin of Mitscherlich and bicarburet of hydrogen of 
Faraday. The neutral benzoate of lime gives with other pro- 
ducts the liquid benzone, Distilled from lime stearic, 

margaric and oleic acids lose the elements of carbonic acid, and 
form neutral volatile products, stearonqf margarone and oleone. 
The names of such pyrogen bodies, terminate in one as contain 
one atom of oxygen and are neutral. Margarone carried in its 
turn over lime at a red heat, loses its oxygen, in the form of 
carbonic acid, and paraffin is produced, which is a binary com- 
jDound of carbon and hydrogen.* Thus the alkali determines 
throughout the formation of a highly oxidised acid body, with 
which it unites and the other products are consequently partially 
or completely deoxidised. 

Dry distillation, — Many organic Bubstances are volatile ^nd 
may be distilled at a moder&te heat without alteration, such as 
alcohol and most essential oils ; but a largfer number are fixed. 
The latter when submitted alone to distillation usually abandon 
carbon, and form new and more simple volatile products. 
Three periods are distinguished by Liebig in the dry distillation 
of the fixed organic acids, from the different compounds formed 
according to the temperature. In the first, organic^ acids of 
less atomic weight are produced, with carbonic acid, trater and 
inflammable liquids soluble in water. The bibasic and tribasic 
organic acids, by losing the elements of water and carbonic acid, 
are converted into their volatile pyr-acids, which are less basic,, 
generally monobasic ; thus tartaric acid CgH^Ojo is converted 
into pyrotartaric acid C 5 H 3 O 3 , 'I5y losing* tfiree atoms of car- 
bonic acid CgOg and one atoip of water HO 5 but these pyr-acids 
can rarely be distilled again Jby themselves, without^partial ^de- 
composition. In the second period of the distillation, bodies 
are obtained which result from the destruction of the preceding 
compounds ; thus the oxygen of the acids, uniting with the 
carbon and hydrogen of the combustible b*bdios, gives rise to 
more simple bodies, guch as carbonic oxide, carbonic acid and 
water ; some charcoal is generally set at liberty, while another 
portion of it enters into tombination with the excess of hydro- 
gen, and produces liquid ’or solid volatile^ hydrocarbons. In 
the last period, nothing is^ibtained but charcoql and a gaseous 
mixture, principally composed of carbonic acid, carbonic oxide, 
olefiant gas and light carburetted hydrogen. Substances con- 
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taining nitrogen, give ammonia in the first period, and cyanogen 
or hydrocyanic acid in the last. 

The decomposition of citric* acid by heat, has been more 
minutely investigated than any other, by M. Crasso, and is 
particularly interesting i^rom the variety of products it affords, 
at different stages of the depomposition. After losing its water 
of crystallization, the citric acid, CigHgO^, first undergoes a 
decomposition, of which the products are a new and fixed 
acid, aconitic acid, C4 H2 O4, also found in nature being the 
acid of the aconitum napellm^ together with one atom of acetone 
Cg Hg O, four atoms of carbonic oxide C4 O4, and one atom of 
carbonic acid C Og. By a continuance of the heat, the fixed 
aconitic acid itself is decomposed, three atoms of it 
affprding two atoms of a volatile pyr-acid, named itaconic acid 
2 (C5 Hg O4), and two atoms of Parbonic acid Cg O4. The 
itaconic acid again 'iSs decomposed when heated to its point of 
ebullition, and gives a* more volatile and stable acid, named 
citraconic acid C5H3O4, which is consequently isomeric with 
the preceding acid. It is believed, however, by Crasso, that the 
last is the only monobasic acid in the series, and that the true 
formulflB cf the hydrates of the three new acids produced by the 
decomposition of citric acid by heat, are, with that of the ori- 
ginal acid itself:^ 

Citric acid. . . . CigHgOu+SHO 
Aconitic acid. . . Cjg He 0 , 2 + 3 H 0 
Itaconic 'acid. ... CioH 608 +2HO 
Citraconic acid. . ^Cg Hg + HO* 

IBy the rfaited action of heat an4 "bases, other transformations 
of acids have beey effected. Thus malic acid is converted into 
fumaric and equisetic acids, and citric acid into aconitic and 
'tartoric acids, when, their compounds with oxide of antimony or 
potash are heated so long as wa\er is disengaged. 

r 

ACTION OrOXYGEN — EREMACAUSIS. 

i. 

Organic compoqnds when dry , and in a state of purity 
are generally capable of resisting .the action of the air or 
of free oxygen," at the usual temperature ; but a considerable 

f 

• t 

* Annales de Chimiey^ct dc Physique, 3me S<5ric, tome I, p. 311. 
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number are affected by that element; the various essential 
and fixed oils absorb oxygen in different degrees, tl\e first 
becoming resins and the secynd acquiring the drying -pro- 
perties of varnishes ; the essential oil of bitter almonds is gra- 
dually converted into benzoic acid, and the vapour of ether 
passes slowly into acetic* acid, while* white indigo and other 
colouring principles undergo remarkal^le changes from a rapid 
absorption of oxygen. The direct ^oxidation of alcohol and 
ether^ which gives rise to acetic acid, is greatly favoured by the 
contact of spongy platinum. The highly oxygenised acids ^apt 
with much more energy upon organic compounds and give rise 
to various products according to the quantity of oxygen com- 
municated. Thus alcohol is converted by oxidating matters, 
into acetal, aldehyde, acetic acid, ^rmic acid, oxalic acid, car- 
bonic acid and water. In# these reactions, the, oxygen is*fre- 
quently observed to affect the hydrogen«exclusively, wliich is 
converted into water, while a quantity of dkygen exactly equi- 
valent to the hydrogen thus withdrawn, enters into coraljination 
with the remaining elements, and appears to be substituted for 
the hydrogen. Thus by the action of four atoms of oxygen, 
upon one atom of alcohol C^HgO + HO, two atoms hydrogen 
are withdrawn . as water, while two atoms of oxygen are at the 
same time absorbed by the remaining elements of the alcohol, 
which becomes hydrated acetic acid C4H3D3-I-HO, When 
anhydrous sugar Ci^H^Og is treated with liypermanganatc of 
potash, the nine atoms of hydrogen which the former contaiiTfT 
are replaced by nine atoms of oxygen, artd* six atoms of oxalic 
acid formed 6C2O3. ^ 

The presence of water greatly promotes the action of the 
oxygen of the atmosphere upon organic substance The iiame 
eremacausis has been ai)plied by Liebig to the slow cpmbustion 
or oxidation of organic matters, in air. Vegetalde juices eva- 
porated by a gentle heat in air allow a brown or brownish black 
substance to precipitate, known "as extractive matter^ and similar 
in properties from whatever juice it is formed. It is insoluble 
or very sparingly soluble in water, but dissolved with facility by 
alkalies. By the action ,of air upon soli^ animal or vegetable 
matters, a similar pulverulent brown sutftstance is formed known 
as humus. According to an observation of ^De Saussure, the 
sawdust of oak wood c«)nverts oxygeb into carbonic acid, without 

I A A 
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any change of the volume of the gas; but while dry sawdust 
lost three parts by weight of carbon in this way, it diminished 
in weight by fifteen parts altoge}:her> shewing that twelve parts 
of water were at the same time separated from the wood. Hence 
the proportion of carbon in decaying wood increases with the 
progress of its decay*; and it is concluded that the hydrogen 
only is oxidised at the ejepense of the oxygen of the air, while 
the carbonic acid is forrped from the elements of the wood 
(Liebig). The composition of pure woody fibre or lignin being 
,0^30,^220225 Iwo different specimens of mouldered oak wood, 
(the humus from oak wood) were found to be O35H2QO20 ^od 
Cs^HjgOjy, or for every two atoms of hydrogen oxidised by the 
air, one atom of carjjonic acid (COg) has been formed at the 
same time from the elements, of the wood and set free. When 
water is present,,and the access of air restrained, the decompo- 
sition of wood ajipdars to proceed in a different manner ; for 
while carbonic acid is geneiated as before, a certain quantity of 
water enters into chemical combination, white mouldering beech- 
wood being found to have a composition corresponding with 
the formula C33H25O24. There is reason, however, to suppose 
the interference in such cases of mouldering, of a species of 
fermentation such as was observed when rags were placed in 
heaps and wetted in the preparation of a substance for the fa- 
brication of paper^ according to the old process in use before 
the application of chlorine. The rags became warm and dis- 
engaged a gas, while their weight diminished from 18 to 25 per 
cent. It is probable that in this, as well as other putrefactive 
processes, the oxygen of the water ^ assists in the formation of 
carbonic acid. 

Wood coal or brown coal, which retains the structure of 
the wc^od unchanged, appears to be produced by a similar 
process of decomposition. A sjiecimen free from bituminous 
matter was foun4 to have a composition expressed by the 
formula CgjjHgiOjg; and may' therefore have been produced 
from woody fibre by the separation of one equivalent of hydrogen 
and three equivalents of carbonic acid. Jn all varieties of wood 
coal, the proportion ef oxygen in relation to the hydrogen is 
diminished, these elements existing imthe original woody fibre 
in the same proportion as in water, indicating a disengagement 
of carbonic acid from their substance, which appears still to go 
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on at great depths in all the strata of wood coal. The compo- 
sition of the splint coal of Newcastle and cannel coal of Lan-. 
cashire being C24H13O5 according to the analyses of both 
Richardson and Regnault, mineral coal is obviously formed from 
woody fibre in a different manner from brown coal. The com- 
position of both splint and cannel coal is obtained by the subtrac- 
tion of 3 atoms of carburetted hydrogoj, 3 atoms of water, and 
y atoms of carbonic acid from the formula of wood (Liebig) : 

• C3gH22022=wood. 

Threeatomsofcarburettedhydrogen. C^Hg 

Three atoms of water H3O3 

Nine atoms of carbonic acid. . CjaHyOgi 

Mineral coal. I C24H.3O 

• 

Caking coal from Caresfield, near Ne^^c*ds£le, is C2oHpO, or 
contains the elements of cannel coal? minus^thoi constituents of 
olefiant gas C4H4 (Liebig), The inflammable gas of coal mines 
is principally light carburetted hydrogen, but it has been 
observed by Bischoff occasionally accompanied by notable quan- 
tities of olefiant gas. Such decompositions, however, arc not 
due to eremacausis, and indeed take place in materi^ids covered 
by such a mass of strata as must entirely exclude air, but are 
more analogous to the internal reactions observed in organic 
matters, and known as species of fermentation, in which the 
elements of a compound substance (such as sugar) dividff*“ 
themselves into two or more gr^tups, witltotit the incorporation 
of any extraneous elemen^ except perhaps the constituents 
of water. 

The absorption of oxygen by alcohol in its acefificatioiV is a 
true eremacausis, so also is ftie process of mitrificatipn.* Oxi- 
dation is promoted in many organic bodies by contact with an 
alkali ; thus alcohol holding potash in selution soon becomes 
brown from oxidation, and a •resinous matter appears with 
all the products of the decomposition of aldehyde. The 
oxidation of gallic acid^hematin and many other compounds is 
promoted by the same influence ; many^ vegetable substances 
exhibit a rapid absorption of oxygen ontte addition to them of 
ammonia, and form splendid violet or red coloured liquids, such 
as the colouring principles of the lichens. On the other hand, 

2 A A 2 
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eremacausis seems to be entirely prevented when water is 
excluded, or when the substance is exposed to a temperature 
of S2P. The processes of fermentation and putrefaction, which 
are different from eremacausis, appear to be necessarily preceded 
by an absorption of oxy^gen. Thus the juice of grapes pressed 
under mercury and collected in a jar'filled with that metal was 
observed by Gay-Lussao to' keep without change, but on ad- 
mitting a bubble of air to the liquid, the vinous fermentation 
immediately commenced. The perfect exclusion of air is also 
the basis of the valuable process for preserving animaJ and 
\"egetable food, without the use of antiseptics, first introduced 
by Appert. The materials are usually placed in canisters with 
a quantity of fluid, which is kept in a state of ebullition for 
some time, and the openings hermetically closed with solder 
while the vessels are entirely filled with steam. Eremacausis is 
also j^revented or mBtpJi retarded by aromatic substances, empy- 
reumatic substances^ and oibof turpentine, the vapours of which 
retard the oxidation of phosphorus and of phosphuretted hy- 
drogen in a similar manner. It is also arrested by mineral acids 
and salts of mercury, which appear to act by combining with 
the organic matter ; alcohol, a strong solution of sugar, common 
salt and ra^iy other saline substances are supposed to owe their 
antiseptic properties in a great measure to their affinity for 
water, which reduces animal or vegetable matters in contact with 
them to a state of dryness in which they are little liable to de- 
"cjomposition. Thus a piece of ' dry butcher-meat covered with 
dry salt is found after twenty ifour hours swimming in brine, 
the salt attracting water from the meat, and leaving it not humid 
enough for chemical action, 

ACTfON* OF CHLORINE, ITS SUBSTITUTION FOR HYDROGEN, 

chemical' types. ^ 

t 

M. Gay-Lussac observed, several years ago, that bees’ wax 
exposed to chlorine gas absorbed the latter, giving rise to a 
disengagement of hydrochloric acid, without any change of 
volume in the gas fro^ the operatioru The reason is that the 
wax loses a volume of hydrogen equal to the volume of chlorine 
which it absorbs^ the constituents of hydrochloric acid gas being 
united, it 4s to be remembered, without* any condensation of 
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volume. M; Dumas afterwards repeated the experiment with ‘ 
oil of turpentine, and obtained a similar result ; 411 in tlie latter 
body being replaced by 4C1, or C 20 H 16 becoming C. 2 ()lTr 2 f'lr 
The action of cjilorine on a great number of orgJinic sui:)stanees 
has since been observed l^y MM. Dujftas^ Laurent, Regnault, 
Malaguti and others, and found to be remarkably uniform. The 
investigation has led to the formation Sf a large number of new 
compounds, and to the propagation of certain tlieoretical views 
by M. Dumas, which have had an extraordinary influence on 
the recent progress of organic clTemistry. 

When light carburetted hydrogen gas C 2 II 4 , is allowed to mix 
gradually with three times its volume of chlorine, in strong 
sunshine, the whole 4 eq. of hydrogen are Cdonverted into hydro- 
chloric acid, which is liberated, wliile the 2 eq. of carbon c(^)m- 
bine with 4 eq. of chlorind, and form a peculiar liquid chloride 
of carbon C 2 CI 4 ; so that the hydrogen o^lie former compound 
appears to be simply replaced by cfilorine m the latter.* The 
removal of the whole hydrogen by chlorine takes place at once, 
in this hydrocarburet without the formation of any other inter- 
mediate product except a trace of chloroform, but in other cases, 
where there are several equivalents of hydrogen, th« latter are 
often removed and replaced by chlorine one by one, !lnd a series 
of bodies formed in which while the hydrogen diminislics, 
the chlorine increases in an equal proportion ; such are the 
compounds produced by the action of chlorine on Dutch liquul 
already described (page 375), and the remarkable series jiroduced 
by the repeated action of chlo^Jine upon hydrochloric ether.f 
The two series referred to^exhibit a remarkable isomerism, tlic 
corresponding products having the same composij^on although 
distinguishable by their pliygical properties and by the efiVct of 
re-agents upon them. These chlorine compounds are all vola- 
tile liquids, with the exception of the solid perchloride of carbon 
which is common to both series. 


* Dumas, An. de Ch. et de Ph. t. 73, p. 94. 
j* Regnault, An. de Ch. et cte Pli, t. 71, p.353. 
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OLEFIANT GAS AND BODIES DERIVED FROM IT BY THE 
ACTION OF CHLORINE. 

Olefiant gas C4H3+H 

First product, Dutch liiquid . . C4H3CI + HCl 

Second product ‘ . . . C4H2CIJ+HCI 

Third product . ^ . . . C4HCI3 + HCI 

Last product, perchloride of carbon . C4Clg 

' riVDROCHLORlC ETHER (CHLORIDE OF ETHYL) AND BODIES 
DERIVED FROM IT BY THE ACTION OF CHLORINE. 


Hydrochloric ether 

C4H3CI 

Monochlorinated ditto 

C4H4CI2 

Bichloripated ditto 

C4U3CI3 

Trichlorinited ^itto 

C4II3CI4 

Quadrichlorinated ditto 

C4H CI5 

Perchloride of carbon 

C4Clg 


It appears from the second table that hydrochloric ether is 
affected at once by two atoms of chlorine, one of which seizes 
an atom ofliydrogen and removes it in the form of hydrochloric 
acid, while the second atom of chlorine enters into the com- 
pound remaining, which Regnault distinguishes as monochlo- 
JKiated hydrochloric ether, the name having reference to the 
mode of derivation qf ,tbe comjjound and not its composition.* 
The latter body when exposed. to chlorine is likewise affected 
by two atoms, one of which seizes 'and withdraws an atom of 
hydrogen, while the other unites with the remaining elements, 
forming bichlorinated hydrochloric ether. The trichlorinated 
and quadrichlorinated compounds, and the perchloride of car- 
bon, which follow, have the same mode of formation ; and as 
one atom of chlorine is commupiCated for each atom of hydro- 
gen withdrawn, the entire number of constituent atoms remains 
the same, or ten, throughout the senes, and tlie last member 
differs only ffom the first, in having 5 atoms of chlorine instead 
of 5 of hydrogeft. To, exhibit the complimentary function of 

* “ Chloripntcd” ajtp^ars to lie 8< preferable term, to chloruretttd, to apply to 
such a compound, as the last is already used in a different sense. 
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the chlorine and hydrogen in these bodies, their formula! may 
be written thus ; 

04X^801. 04^401. C 4 ^j* 01 . t 4 ^j^Cl. C 4 ®^C 1 . C4C1/CI. 

9 

Chlorortiethylic ether of chloride of^ methyl C2H3CI, a body 
having the same relation to wdod-jjpirit that hydrochloric 
ether has to alcohol, gives rise to an analogous series of chlo- 
rinated compounds when a stream of* chlorine is passed through 
it, the product being treated irj its turn witli the gas, and the 
same process repeated with the new product ; when the hyflft)-* 
gen is then entirely withdrawn, and a chloride of carbon remains, 
the same that is derived from light carburetted hydrogen (Reg- 
nault). The bodies of this series are : — 

C2XI3CI. CaJ^j^Cl. Ca^^Gl.^Ca Cfg Cl. 

All these chlorinated compounds possess the neutral charac- 
ter of the bodies from which they are derived. Malaguti has 
also observed that ether (oxide of ethyl) may lose two equiva- 
lents of hydrogen and gain two of chlorine, C4II5O becoming 
C4H3CI2O, without any of its essential properties •undergoing 
alteration ; for its power of combination remains the same, and 
chlorinated ether is still ether. Oxalic etljpr or the oxalate of 
oxide of ethyl, may have its whole five atoms of hydrogen 
replaced by five atoms of chlorine, and chlorinated oxqli^^ 
ether, or chloroxalic ether is farmed ; Q41160 + C203 becomes 
C4Cl50+C203,or adopting empirical formulae, 0^11504 becomes 
C5CI5O4. Now each of fhese ethers is the base of a class of 
salts, the oxalovinates •a'ud chloroxalovinates ; ocich of .them, 
also, is affected by dry ammioniacal gas, and by solution of am- 
monia in the same way, forming oxamethane or chloroxame- 

thane with the first re-agent, and oxamide with the second :* 

• * • 

OXALIC ETHEIV AND COMPOUNDS DERIVED FROM IT. 

Oxalic ether . . . 0^1-1504 

Oxalovinic acid (Tiydrated) 0^11504 + 0203, HO 

* Oxamethane • * • • C6tl5t)4 + C 202 ) NH2 

Oxamide . . • . OgOa, NH2 

♦ MalagntlJ Anaales de Cliitnie, etc. t. 74, p. 29il. * 
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CHLOBOXALIC ETIIEE, AND COMPOUNDS DERIVED PROM IT. 

Chloroxalic ether . . CgClgO^ 

Chloroxalovinicacid (Hydrated) 0001,04 + O2O3, HO 
Ohloroxamethane * ... 0g0l504 + 0202, NHj 

Oxamide . . * . . OjOj, NHj. 

* 

It rarely happens that the crystalline forms df corresponding 
^liydrogen and chlorine compo'unds can be compared, for most 
frequently the two substances, or at least one of them, does not 
crystallize, and is altogether incapable of exact measurement. 
But M. de la Provostaye has succeeded in instituting a cQtn- 
parison between the crystalline forms of oxamethane and chlo- 
roxamethane, which he finds to be isomorphous, or rather 
different secondary ^tb^rns derived from the same fundamental 
form.* This would establish the isomorphism of chlorine and 
hydrogen, but it is to be regretted that so important a conclu- 
sion should rest upon a single instance, and one also in which, 
as Mitscherlich remarks, the usual complete identity of form of 
isornorphovs bodies is not observed. 

By exposing <pure acetic acid to the action of dry gaseous 
chlorine, under the direct influence of the solar rays, M. Dumas 
has replaced the whole hydrogen of that acid by chlorine, or 
converted acetic acid C4H3O3+HO into chloracetic acid C4CI3 
7T3-f HO, without altering the capacity of saturation of the acid, 
or its combining measure in the^ state of vapour.f Decomposed 
by alkalies, these two acids give likewise analogous products, 
acetic acid xieldin^ carbonic acid • C2O4 with light carbu- 
retted hydrogen, C2H4, and cldbracetic acid yielding car- 

bonic add C2O4 with chlorofonp*C20j ; the body last mention- 
ed being viewed carburetted hydrogen in which three atoms 
of hydrogen are replaced by three of chicane. 

Many similar cases of the substitution of chlorine for hydro- 
gen have been observed, but those already adduced are suffi- 
cient to illustrate the inode of replacement, and to prove that a 

* Philosophical Ma^dzine, 3rd Series, vol. 18, p. 372. 

I Annales ije Chimic et dc PbysiquP, tome 73, p, 77.»' 
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compound may preserve its leading chemical characters, al- 
though its hydrogen be exchanged for chlorine. Chemists were 
not prepared for the admission* of this equivalency of chlorine 
and hydrogen from anything observed in inorganic compounds. 
The two elements seemejl, indeed, t 9 *be strongly contrasted, 
chlorine typifying the electro-negative oV salt-radical class of 
elements, and hydrogen belonging, incontestably, to tlie electro- 
positive or basyle class with the metak, although not occupying 
a high place in that class. One equivalent of chlorine being 
also isomorplious with two equitralents of manganese, to wlridn 
latter element hydrogen appeared to be related, as a member of 
the magnesian family, the isomorplious relation to be looked for 
was one of chlorine with two of hydrogen, and not with one of 
hydrogen as in oxamcthane and diloroxarnethane kttely com- 
mented upon. 

But it is to be remembered that n(/* J^ody is absolutely 
chlorous (electro-negative), or zincous (electro-positive), but 
only relatively so to certain other bodies. Hence although 
zincous to chlorine, hydrogen is chlorous to carbon, or hydro- 
gen is the chlorous constituent of the organic compounds 
in question. Even among inorganic compounds, have in- 
stances of hydrogen discharging the same function,* as in the 
class of phosphuretted hydrogen and arsepietted hydrogen, 
where 3 .atoms of hydrogen are chlorous, and may be 
replaced by oxygen, chlorine, etc. (In ammonia, on the coiw 
trary, nitrogen appears to be the negative, and hydrogen the 
positive constituent.) In this way that universal dualism in 
the constitution of a compound, or distribution of its elements 
into two opposed classe.s,, conducing to biyary combination, 
which has never ceased to h& q recognised doctrine of clipmical 
science, in some form or other, .with reference to inorganic com- 
pounds, is extended also to organic compounds. Sucli a doctrine 
M>^hich might always have been# maintained^on abstract grounds 
appears now to be ijievitable from the observed substitutions, 
of chlorine for hydrogen. Hydrogen then being viewed^ 
as a chlorous elemenlf in such compounds as carburetted 
hydrogen and olefiant gas,* while carbon if the basyle or zincous 
element, the former cleme*nt may therefore be jjeplaced by other 
bodies higher than itself in the scije of salt-radicals,^ such as 
chlorine, without anv essential derangement of the constitution 
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of the original compound. The equivalent subs^tution of 
chlorine for hydrogen is thus admitted in its full extent. This 
substitution appears to confirm^ and extend what is generally 
understood at the electro-chemical distribution of elements, on 
which our ideas of birf^ry combination are founded, and not 
to be opposed to or incompatible with such views. 

The isomorphism of chlorine and hydrogen, equivalent for 
equivalent, if confirmed/ will cause the removal of the latter 
element from the magnesian class, but establishes a relation 
< between hydrogen and silver, 'and therefore places the former 
on the verge of thepotassium group. Hydrogen certainly possesses 
many relations to mercury, if not absolutely isomorphous with 
that metal (page 656). 

l?y a cfmnical type M. Dumas understands a certain number 
of elements combined together, eve'ry one of which, whatever 
be its nature, may^ fiV replaced by another, and indeed every 
one in its turn, so that not a trace of the original compound 
may remain. The arrangement of the elements in regard to 
each other remains always the same, and that is the character of 
the type. Thus all the chlorinated compounds derived from 
hydrochlol ic ether, including perchloride of carbon, contain ten 
atoms, which are supposed to have the same arrangement as 
in hydrochloric ether itself. Aldehyde produced by the partial 
oxidation of alcohol, and chloral by the action of chlorine upon 
dslcohol, contain the same number of atoms and belong to one 
type : 

Aldehyde, C4H3O + HO, or C^H^O^. 

.Chloral, C4CI3O + nOs or €4^.02. 

i ** 

When* on the other hand, fin atom is withdrawn from a 
compound without being replaced by another, the atoms which 
remain cannot retain their original position, and a new type 
.must result. It is supposed by Dumas, that chlorine may replace 
‘ carbon, nitrogen and other elements besides hydrogen, and any 
one element, indeed any other, without destruction of the 
primitive type. Sftqh substitutij^na however, have not been 
effected, and on* the view of substitution taken above are not 
to be e3ipecte(f,for carbomat least must always be considered 
as the' basyle or electro-positive constituent of organic com- 
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pounds/ and never like oxygen,iutrogen and hydrogen, as chlorous 
or electro-negative. Even where chlorine replaces hydipgen, 
the t 3 rpe is not uniformly presetved, for we find occasionally the 
same body derived by substitution from two different types, as 
pelchloride of carbon from both Dutctf liquid and hydrochloric 
ether. 

The reference of bodies to a cominon type has often an 
advantage over their classification *ander a common radical 
or according to any theory of constitution, as it involves less 
that is speculative. The former asserts only that the boflihs^ 
contain the same number of atoms and have a common consti- 
tution, but says nothing as to what that constitution is. Hence 
a type may be denoted by an empyrical foT*mula of the simplest 
kind expressing nothing but the efernents and their*number, in 
which changes by substitution can be distinctly exhibited. It 
is useful, in the present uncertain §tate/of*our knowledge res- 
pecting the constitution of organic compounds, to have such a 
mode of expressing compounds and exhilnting their relations 
in composition, but it does not supersede rational theories of 
constitution. 

TRANSFORMATIONS OF ORGANIC SUBSTANCES. 

ACTION OF FERMENTS. 

Complex organic substances , frequently; divide themselves 
into two or more compounds of a simpler constitution, without 
the intervention of any ifitelligible chemical agency. The 
presence of a seeond organic substance, however, is/^an essential 
condition of such transformations, although fhe latter substance 
does not contribute to the change by imparting any new element 
to the decomposing body, nor by abstracting any element from 
it. The resolution of sugar info carbonic aCid and alcohol in 
fermentation, by the • contact of yeast, is a familiar example of 
such a change (page 7 fi 0 ). Decomposition of this kind ha«? 
been distinguished as loatalyeiSy and the second body which 
determines the changes iq the first, by action of presence, 
termed the catalytic agent (page 195). The •recent study of 
such decompositions l^as revealed •the circumStance .that the 
activity of the catalytic agent is connected with its beii% itself 
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in a state of decomposition at the time. The yeast is only 
active when, by access of air, it has become subject to oxidation, 
and tlhe decomposition of the sugar is looked upon by M. Liebig 
as a reflex action of the decomposition of the yeast. The views 
of that eminent philosopher on the action of yeast and other 
ferments will be best Explained in his own words. 

‘‘ ITiis action may be* expressed by the following law, long 
since proposed by Laplace and Berth ollet, although its truth 
with respect to chemical phenomena has only lately been 
»pfOVed. ^ A molecule set in motion by any power can impart 
its own motion to another molecule with which it may be in 
contact.^ 

This is a law of dynamics, the operation of which is manifest 
in ajl cases/ in which the resistance (force, affinity, or cohesion,) 
opposed to the fnotipn is not sufficient to overcome it. 

We have seen th^t*‘^erment or yeast is a body in the state of 
decomposition, the atoms of which, consequently, are in a 
state of motion or transpositioiK Yeast placed in contact with 
sugar, communicates to the elements of that compound the 
same state, in consequence of which, the constituents of the 
sugar arrange themsefves into new and simpler forms, namely, 
into alcoho*! and carbonic acid. In these new compounds the 
elements are unitjed together by stronger affinities than they 
were in the sugar, and therefore under the conditions in whicli 
Jihey were produced further decomposition is arrested. 

We know, also, ^Ijat the elements of sugar assume totally 
different arrangements, when ^e substances Mdiich excite their 
transposition are in a different statcuof decomposition from the 
yeast just mention/ed. Thus, when sugar is acted on by rennet 
or putrefying vegetable juices, it as* not converted into alcohol 
and carbonic acid, but into lactiq, acid, mannite, and gum. 

Again, it has been shown, that yeast added to a solution of 
pure sugar gradually disappears^ but that when added to ve> 
ge table juices which contain gluten as well as sugar, it is re- 
produced by the decomposition of the former substance. 

The yeast with which these liquids are made to ferment, lias 
itself been originally f^roduced from gluten. 

The conversion of gluten into yeast in these vegetable juices 
is dependent orf the decomposition (ferm^entation) of sugar; for, 
when the sugar has completely disappeared, any gluten which 
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may still remain in the liquid, does not suffer change from 
contact with the .newly-deposited yeast, but retains all the 
characters of gluten. 

Yeast is a product of the decomposition of gluten 5 but it 
passes into a second stage of decomgbsition when in contact 
with water. On account of its h^ing in this state of further 
change, yeast excites fermentation in & fresh solution of sugar, 
and if this second saccharine fluid shoiUd contain gluten, (should 
it be wort^ for example,) yeast is again generated in consequence 
of the transposition of the eleilients of the sugar exciting a 
similar change in this gluten. 

After this explanation, the idea that yeast reproduces itself 
as seeds reproduce seeds, cannot for a momemt be entertained’\* 

To these maybe added the results of the very .recent ^in- 
quiries of MM. Boutron and Frendy on the phe-nomena of the 
fermentation of malt. These chemists that the same azo- 
tised matter in the grain, which acts as tlie ferment, passes 
through a succession of changes, and can excite different kinds 
of fermentation at different stages in the progress of its decom- 
position ; that it is not one but a series of ferments. It is as 
diastase that it first appears, or this is the^rst condition of the 
ferment in the infusion of malt, as is proved by the action 
which it exerts upon starch, the latter being converted into 
sugar. From the acidity of the liquor which is afterwards 
observed, it is evident that the azotised matter next takes tl^ 
character of the lactic ferment (page 808)^ and converts the 
sugar, to a certain extent, intS lactic acid. A period then 
arrives at which the liquid, still transparent, becomes turbid, 
and the resulting^ precipitj^jtQ is the matter which yan produce 
the alcoholic fermentation ;*and it is only at this epoch that 
alcohol is formed and carbonic acid disengaged. Uhat it is the 
insoluble precipitate to which the* alcoholic fermentation should 
be ascribed, is proved by filtoiring the li(|hid*to separate the 
ferment, when the, alcoholic fermentation is immediately. 

arrested.f 

The action of yeast and all other ferments is destroyed by the 


♦ Lkbig’s Organic Chemisto^ in its applications to AgricuUure and Physiology, 
edited by Dr. Lyon Playfair, 
f Ann. de Chitn. &c. 3 serieft. 2, p. 269. 
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temperature at which water boils, by alcohol, by adds, salts of 
mercury, sulphurous acid, chlorine, iodine, bromine, by aro- 
matic substances, volatile oils, oind particularly empyreumatic 
oils, smoke and a decoction of coffee, these bodies in some 
cases combining with tl\p ferments or otherwise effecting their 
decomposition. ^ . 

The following are additional instances of fermentation. The 
smell and taste which distinguish wine from all other fermented 
liquids depend upon omanihic ethevy which contains a peculiar 
caeid; and those of spirits from ‘corn or potatoes upon a peculiar 
oil, the oil of potatoes. Both of these substances are produced 
in fermentation, the former probably from the tartaric acid of 
the wine, the latteu by a simultaneous decomposition of the 
cellplar tissue of the grain or potato. The oil of potatoes has 
all the characters pf an alcohol (pagb 813). The production of 
this oil is completely vented in the fermentation of beer, by 
the presence of an uromatic substance, the volatile oil of hops. 
In the fermentation of the Herba centaurium mmorius^ a plant 
which possesses no smell, a true ethereal oil is formed, of a 
penetrating agreeable odour. The leaves of tobacco, when fresh, 
have little w no smCil, and when distilled, yield a white, fatty, 
crystalUzable substance (nicotianine), which contains no nitro- 
gen and is quite destitute of smell. But when the same plant, 
after being dried, is moistened with water, tied together in 
-small bundles, and placed in heaps, a peculiar process of decom- 
position takes place. Fermentation commences, and is accom- 
panied by the absorption of bxygen ; the leaves now become 
warm and emit the characteristic snj^U of prepared tobacco and 
sjiuff. Wl^pn the fermentation is carefully prqmoted, and too 
high* a heat avoided, this smell ^iftcreases and becomes more 
delicate and after the fermentation is completed, an oily 
azotised volatile matter, called nicotine^ is found in the leaves. 
This substance which possesses « all the properties of a base, 
jvas not jpresent before the fermentation. , The different kinds 
pf tobacco are distinguished from one another, like wines, by 
having very different odoriferous substances, which are gene- 
rated along with the Aicotine (Liebig); 

M* Liebig alsq ascribes the morbific action of matters of con- 
tagion and miasms, to thei^ operation as formats. He applies 
the law already quoted to organic substances forming part of 
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the animal organism. We know that all the constituents of 
these substances are formed from the blood, and that the blood 
by its nature and constitution i% one of the most complex of all 
existing matters. 

Nature has adapted the blood for thp reproduction of every 
individual part of the organism ; its principal character consists 
in its. component parts being subordiftate to every attraction. 
These are in a perpetual state of change or transformation, 
which is eflFected in the most various ways through the influ- 
ence of the different organs. • 

The individual organs, such as the stomach, cause all the 
organic substances conveyed to them which are capable of 
transformation to assume new forms. The stomach compels 
the elements of these substances to unite into a compound fitted 
for the formation of the bleod. But the blood possesses no 
power of causing transformations ; on tl^ contrary, its princi- 
•pal character consists in its readily ‘suffering transformations ; 
and no other matter can be compared in this respect with it. 

Now it is a well-known fact, that when blood, cerebral sub- 
stance, gall, pus, and other substances in a state of putrefaction, 
are laid upon fresh wounds ; vomiting, dellility, and»at length 
death, are occasioned. It is also well known that* bodies in 
anatomical rooms frequently pass into a state of decomposition 
which is capable of imparting itself to the living body, the 
smallest cut with a knife w^hicli has been used in their disseij^ 
tion producing in these cases dangerous consequences. 

The poison of bad sausages btJongs to*tfiis class of noxious 
substances. Several hundrgd cases are known in which death 
has occurred from >he use.of this kind of food.^ In JkVirtemberg 
especially, these cases are frequent, for there the sausages 
are prepared from very various materials. Blood, liver, bacon, 
brainsf tnilk, meal and bread, aie mixed together with salt and 
spices ; the mixture is then pui; into bladdhr% or intestines, and 
after being boiled is ^smoked. When these sausages are well^ 
prepared, they may be preswved for months, and furnish a, 
nourishing savoury food 5 but when the spices and salt are 
deficient, and particularly when they are smoked too late or not 
sufficiently, they undergp*1i peculiar kind *of putrefaction which 
begins at the centre of tiie sausage. ^ Without any appreciable 
escape of gas taking jflace, they become paler in colour, and 
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more soft and greasy in those parts which have undergone 
putrefaction, and they are found to contain free lactic acid or 
lactate of ammonia; products t which are universally formed 
during the putrefaction of animal and vegetable matters. 

The death which is th§ consequence of poisoning by putrefied 
sausages succeeds very lingering and remarkable symptoms. 
There is a gradual wasting of muscular fibre, and of all the con- 
stituents of the body similarly composed. 

Sausages, in the state here described, exercise an action upon 
,)th6 organism, in consequence of the stomach and other parts 
with which they come in contact not having the power to arrest 
their decomposition ; and entering the blood in some way or 
other, while still possessing their whole power, they imparl; 
their peculiar action to the oonstituents of that fluid*. 


MOLECULAR THEORY OF ORGANIC COMPOUNDS. 

It is observed by Liebig that in all organic compounds it is 
necessary to consider two kinds of attraction, that of the con- 
tained radicals, and^Ahat of the ultimate elements themselves 
for each other ; which last attraction is not superseded by the 
former. To these elemental attractions we are to look for an 
explanation of the phenomena of substitution. 

^ Any theory of combination would be incomplete which did 
not provide in the constitution assigned to both elementary 
and compound bodies*, for thic propagation of chemical action 
to a distance which is witnessed in ^he voltaic circle. The con- 
sideration of that action has already/orced upon us the conclu- 
sion‘that even a "free element such as a metal, in the state in 
which Ve* operate ^ith it, has a complex molecular structure, its 
atoms being grouped, so as 'to represent binary compounds. 
Hence in combining^ two different elements, we have really to 
undo a previous but weaker dombination in both cases, before 
Jthe dissimilar elements unite; and consequently, even where 
combination appeared most direct, we twive the compound really 
formed by a mutual ^double decomposition, or by the sulistitu- 
tion of one element for another in jJre existing frames of com- 
pounds. The universal susceptibility of compounds of all kinds 
to decomposition under electrical actiVin of high intensity, 
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appears also to argue a greater simplicity and sameness of con- 
stitution of chemical compounds than is generally rccogi\ised. 

We are repelled by the idea atoms of the same kind having 
the relation to each other of combination^ for ^diversity of na- 
ture appears to be the reason why^^bodies combiiie. The 
intensity of the combination certainly increases with the diver- 
sity, but this does not prove that such diversity is an essential 
condition of combination. Combination, indeed, ajipears to be 
the natural condition of matter, the source of its cohesion and 
aggregation, Mdiich it retains bj» inertia, and decomposition to^ 
require the application of a force, such as the communication 
of heat to atoms which supplies them with the repulsive power 
required to overcome their combination. 

The fundamental elemental combination of every compound 
is assumed to be binary, one element being chlorous (negative), 
and the other zincous or basic (positive)ifor one set of the ele- 
ments being chlorous, and another* set^basic. This difference 
in the character of the elements of a compound may be ex- 
pressed by writing its formula in two lines, placing the basic or 
positive elements in the lower, and the chlorous or salt-radical 
elements in the upper line ; 


Water carbonic acid hydrate of potash ~ carbonate of 

H U Iv.H 


potash 


O.O 

C K’ 


olefiant gas 


H, H,.Tl2 

_._i. or ^ — ? 




C,.C2 


ether 


11,0 

07’ 


alcohol 


HAO 

€4. H. 

Most of these formulm ye meant only to express tliat certain 
elements collectively are,clilorous and eertaiy othejs collectively 
basic. In ether, for instance, 4 atoms (Cp'are basic, against 
6 atoms (Hr,0) chlorous; J^ut it is to be supposed that 
many compounds admit of U division into more simple 

H * * 

binary compounds, olefiant gas into two binary compounds 

2C2H2, expressed thu|J, or even four binary compounefs 

C2.C2 

4CH, expressed thus, No p^irticular binary arrange- 

ment of this kind, hoVever, is at present insisted %pon, unless 
in a few cases. All tTiat is assumed is : 

2 B B 
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1. That the basic or positive element or elements are in imme- 
diate combination with the chlorous element or elements placed 
above theifi in the formula). ^ 

2 . That tliese binary compounds again are associated together 

so as to form the compound molecule, from an attraction of all 
the basic elements foi\each other, and of all the chlorous ele- 
ments for cacli other, ^f such a nature as retains together the 
3 atoms of the same kind which form a single equivalent of 
nitrogen or phosphorus, the 3 atoms of cyanogen in cya- 
^n^ric acid, the various multiples of C 2 II 2 grouped together in 
the molecule of olefiant gas and hydrocarbons isomeric with it, 
or tlie multiples of in the molecule of oil of turpentine 

and a large class of essential oils. A compkw organic mole- 
cules is thus represented as a^i association of Uvo or more binary 
compounds^ comparatwehj sinqde in » constitution^ often isolahle 
substances and posses'siid of considerable stability. 

In the superior of cfdoro'as portion of the formulae of organic 
compounds we may generally expect *to find chlorine, oxygen, 
nitrogen, hydrogen ; and in the inferior or basic portion, car- 
bon, or carbon and hydrogen. The former elements appear to 
be chloroug in the ou^ler in which they are enumerated : 

Chlorine 

Oxygen 

Sulphur 

Nitrogen 

Hydrogen. 

We find in substitutions, those in t|je lower part of the table 
replaced by' those above them, hydrogen at the bottom of the 
table* eminently so by chlorine at thfe top, and hydrogen also by 
oxygen. « Nitrogerf less frequently interferes, but it appears in 
certain cases more chlorous than oxygen and to replace that 
element ; only, liQweVer, in certain double decompositions as an 
element of ammonia, which are not sufficient to determine its 
place, as oxygen might be placed above chlorine from similar 
indications, as the conversion of chloroform F 0 CI 3 into for- 
mic acid F 0 O 3 by poteish. 

Compounds of the same tyjte. — ^Thei^ are bodies vdiich have 
the same nUmbar of elementary atoms, •and the same numbers 
of them chlorous and zincous. As : 
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Of olefiant gas type : olefiant gas ; chloride of caribou 


IT o * IT C\ 

Of ether type: ether ; chlorij^ of ethyl ; clilori- 

C4 V4 

nated ethyl &c. 

C4 

Of alcohol type : alcohol ; acetic acid ; clilo- 

IJL v/4. A 1 

racctic acid — ^ 

C4. H ’ 

Of aldehyde type : aldehyde > cl Joral 

Ammonia. — The molecular formula of ammonia appears ft) be 
and not The hydrogen of am^opia being basic, ac- 
cording to the first formula, should not be replaced by chlorine, 
and certainly chlorinated salts of ammonia, analogous to the 
chlorinated compound ethers, have not been observed. Our 
knowledge of the composition of the ex|^sive chlcjride of ni- 
trogen is not sufficiently certain to decide the question. It 
will be remembered that N in the formula above is equivalent 
to O.J or H3, Wohler’s white precipitate •of mercury llgCl 
-fNHg (page 656 ), and ordinary white preci))itatc, llgCl 
•fHgNH^i are assimilated, being expressed respectively 

Cl .N , Cl. N 
llg.H7 llgTil.Hg- 

The black compound, produced by solution of ammonia upon 
• 1^1 • ]\[ 
calomel, is expressed by or possibly by 

Thus arviidogei) is not necessarily present in the supposed me- 
tallic amides ; but appears to be more necessary to the constitu- 
tion of oxamide and urea, particularly the last. Of oxalate of 

ammonia, and oxamide, the molecular formula! are : g ' 
and PaN.. 

Ca-Ha’ 

Cyanogen and cyanides. — The formula "for ^auogen 

• , • 2 B*B ;r . 
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^ ; for hydrocyanic acid -^-5, and not That the hy- 

L/2 ti 


c 


drog^n of hydrocyanic acid is chlorous and not basic, appears 
in its being replaced by chlorine, with formation of hydrochloric 

acid and the chloride of'^cyanogen, Hence, also, the lit- 

tie action of potash and strong bases upon hydrocyanic acid 
(page 989), its hydrogen, unlike that of ordinary hydrogen acids, 
being chlorous, while the same hydrogen is readily replaced by 
the more chlorous metals, such, as mercury, the cyanide of rner- 

cury being — - The latter salt is not decomposed by strong 

acids, as it would be if its constitution resembled that of cya- 


nide of pa^assium 


N 

CX 


But cyanide of mercury is readily 


decomposed by suljjjiur and sulphuretted hydrogen, and by 
hydrochloric acid, sulphur ’’and chlorine assuming the mercuiy^ 
and forming sulphuret and chloride of mercury respectively, 
while hydrogen is left in the place of the abstracted mercury, 

and hydrocyanic acid reproduced. 

The tw^o atoms of cyanide of hydrogen, which exist in ferro- 
cyanic acid^ FeCy H-2llCy, have, on the contrary, the constitution 
of an ordinary hydrogen-acid, the hydrogen being strongly basic 
and easily replaced by the basic metals, potassium &c. while 

N 

the iron is not. It thus contains ^ , 2 ., the iron of the 

f- C4IJ2 

associated cyanide of iron not being precipitated by potash (re- 
placeable by potassium), must be Vhlorous; and this metallic 
cyanjde, therefore, resembles ordin^iy hydrocyanic acid in cou- 

stitution, or is 


Ferrocyanic acid 


NFe 

. . 

Ferrocyanide of potassium . 

Co 


, Na 
TC4H, 
. N, 
.041^0 


Tlie molecular fornitilse for ferric)}anic acid (Ha + FcaCyg), 
atid for ferfj^a&ide of potassium (K^+Fe^Vy^), deducible from 
the same 'principles, are : 
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Ferricyanic acid . . . 
Ferricyanide of potassiuip 


N3Fe, 

' Ce 
N,Fco 


N 3 

C«H, 

N 3 

C 6 K 3 


NS, 


Assigning to sulphocyamgen, C 2 NS.*, the molecular formula 


its compounds will be : 


Hydrosulphocyanic acid 
Sulpliocyanide of potassium 


N S, 

’ Cali 

. NSa 
CaK 


Hydrated cyanic acid and cyanate of potjfsh will be represent- 
ed byformulse which assimilate them* to the preceding dbmpouiids: 


Hydrated cyanic acid ^ 
Cyanate of potash . . 


•NOa 

&.1I’ 

NOa. 

Cak 


The two isomeric bodies cyanate of ammonia and urea (page 
392) have different molecular formula; : 


Cyanate of ammonia . 
Urea 


N Oa.N 
Cali .lU 
I^.Oa.N' 

Ca.H^.Ha 

• • 


In the last formula urea is represented as containing 1 
atom of cyanogen^ 2 atomf of water and 1 atom of amidogen. 
According to the more coiftnion opinion, it oon tains 2 atoms of 
carbonic oxide and 2 atoms of amidogen, a yiew which may be 
expressed by making a slight change in the upper line of the 
preceding formula : 


Urea 


O2.N .N 

C2.H2.HV 


But the existence of cyanogen in urea being probable, the 
first formula is prefcrabld! Urea may^hen be compared with 
ullantoin^ which contains 2 atoms of cyanogen,and#3 atoms of 
water ; 
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Allantoin . 


N,.03 

C4.H3’ 


N .O3.N 

C0.H3.C0 


Doubling tbe atom of allant(An, that substance and its com- 
pound with oxide of silver ^ill be : , 


’^4*.96 j ^4‘ . P6 
CV'Hg Cg-HjAg 

From the different action of potash upon the isomeric bodies, 
Dutch liquid and inotochlorinatcd chloride of ethyl^ there can 
^ be little doubt but their molecular formula) are really different : 

Dutch liquid ; protochlorinated cliloride of ethyl 

C4 • 11 v>4 5 

and while the other chlorinated compounds of chloride of etliyl are 
H^l H Cl 

4^ isomeric with the pre- 

^4 C4 j 

ceding, are, as appears oy the action of an alkali, and 

1./4 • ri 

HCl .Cl 

For from Dutch liquid and the two last mentioned com- 

t.^4. id. 


pounds, potash wit^idraw’s II Cl, and liberates three compounds 
ofthe»B.type,«£‘, Sfl^nd M?-'. 

C4 C4 C4 

The elements w<hich are chlorous together or basic together 
in a compound, certainly exert an influence upon each other, 
^though they are not to be supposed to be combined, as those 
of different name arc with eacli: other. For we find a tendency 
among them to ||irrange themselves in pairs. Thus the chlo- 
rinated compound of oxide of ethjfl, most, .Readily fprmed, is 
that 5of whiclt the empyrical formula is C4H3^2'05 the mo- 
lecular formula ^ or ratlier ^2^ 2^?^ three 

^4 ♦ C4 

atoms of hydrogen are associated with three stili more chlorous 
atoms namely two of chlorine* and one of oxygen. There can 
be no doubt that these three remaining atbrns of hydrogen arc 
thus in ^ome degree defended from the farther action of chlorine, 
and Jess easily removpd than the othey two. 

The molecular formula of oil of bitter almonds, or hydruret of 

benzoyl ap]ftars«to be of hydrated benzoic acid 

Ci4 Cj4. il* 
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Of the oil of sjjiriea or salkylous acid, wliicli is isomeric with 
the last, ; of chlorosalicylous acid, ; and of hy- 

drated salicylic acid, or 

O14H C14. H* 

The peculiarity of oil of spircea, or salicylous acid, is tliat its 
single basic atom of hydrogen is remov^able by itself, like that 
of a hydrogen acid, in the formation of salts, while of hydrated 
benzoic acid, both H and O are removed in th.e formation of 
salts. This diflerence is expressed in their molecular formuJc^, 
The hydrated and bi1)asic bromohenzoic acid is an association 
of two acids, one of whicli differs from the other in having an 
atom of hydrogen replaced by bromine ; namely HO -f 01411504 
and HO 4’Ci4H4Br04. Of these two the inoleculy formulae 

may be, of the first, M fi . Q^^ and of the scepnd 

Ci4 .11 Ci4. H 

0 ( henzamide, Bz + Ad, or Ci4H^)2-r Ntl2, the molecular 

formula may be in which N replaces 30 of hydrated 

C14H2 

benzoic acid. 


0 { hydrobenzamide, Ci4TIgNi, produced* by the •action of 
ammonia on the hydruret of benzoyl, the molecular formula is 

— 5 or that of the oil, with 20 replaced bj^ N^. 

^14 

Oi salicylmidej HO + C14H5ON4, j^roduced by the action of 

ammonia on salicylous acid, or — ; that is, 

Ci4li Ci4 . H 

salicylous acid with 20 replaced by Nf ♦ 

Of chlorosaiicylimide; \ Ci4H3Cl302Nj, • or 

» three atoms of tire ^chlorous hydrogen of salicyli- 

C14II 


mide being replaced by chlorine. ^ 

Formation of acid $. — The formula of benzole or benzin, ii^ 


of the neutral ])ody, sulphobenzide. 


H,S02 




To the last hydrated sulrfliuric acid is attSched, in Bulphobenzic 

.AA _H .0, 0. 0 . „r insO..O..O , ' . , 

c? c u’ r« C! u • ' 


C12S.S 


Sulphurous acid^ SO2, is a body like sulphobenzide ; m hy- 
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posulphiu'ic acid it has hydrate of sulphuric acid attached to it. 
Sulphurous acid, hydrated hyposulphuric acid,-^-? 3 -J^J 

• 0 ^ ^ O. o* 11 

The neutral substance, henzih^ ^i 4H502> or C26 Hj 0O4, bc- 
comes benzilate of potarh, by fixing the elements of hydrate of 

potash; thus benzil^j ; beimlate of potash, 

" ;■ .'^28 \ '^28- 
When th6" potash isf withdrawn from the latter by a stronger 

acid, hydrated benzilic acid is formed, When 

^ H.tl 

neutraliled with bases, this hydrate Ipses an atom of water and 

acquires an atoto M metallic oxide in its place. , 

XJhlorisatin^ a neutral substance, when dissolved in caustic 

potash is converted into chlorisatinate of potash, in a similar 

** U CIO \ 

manner; Chloviyatjn, —4 . ** chlorisatinate of potash, 

A •‘t C-OQ 


manner ; Chloviyatjn, 


'chlorisatinate of potash, 


Decomposed by a strong acid, the latter salt 

^16 

gives hydrate of chlorisatinic acid^ 

Ckj . 11.11 

Concentrated ackjs decompose this hydrate, assuming its 
water,, and reproduce the neutral chlorisatin. It is clear that 
the anhydrous acids generally, such as SO3, PO5, &c., belong 
to the class of shlphobenzide and chlorisatin, and owe their 
power of combining with bases to the association with them of 
ah atom of water. 


- « *00 

Hydrate of sulphuric acid, ; hydrates of phospho- 
ric acid , 

» ’ P,'H’ KHa “ 

We'have other series of compounds of which the members 


only differ from each other, in containing different proportions 
of water or its elpfnehtjs attache4 ^ common basis, as starch, 


gum and starch sugar ; gum being starch plus 1 atom of water ; 
and starch sugar, starch plus 2 atoms of water. It is at present 
impossible, however, to assign a probable molecular formula to 
the basis of the starch and many other series of compounds, from 
our ignorance of the function of the hydrogen in their constitu- 
tion, where. tha*hydrogen has not been replaced by another 
element 'more decidedly chlorous or basic in its character. 
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CHAPTER 11. 

SECTION 1. 

AMYLACEOUS AND SACCHARINE SUBSTANCES. 

• • 

STARCa 

%». FBCUiiA, AMYLIN ; CiaHioOm ; in combination wlh 
oxide jof lead, Ci 2 Hj, 09 + 2 PbO, (Payen). Its composition, well 
dried in vacuo at 212°, is 

12 atoms of carbon. . . . 9lj^2. . 44.91 

10 atoms of hydrogen. - • 125.00.^. 6.11 

10 atoms of oxygen. . . . 1000.00. . 48.98 

20J.22. . 106.00 
• • 

Starch is separated from a variety ii* yegetable substances 
containing it, from the grains of the SifFerent cereals, many roots 
such as the potato, the stems of many monocotyledonous plants 
particularly the palms, and from several lichens. It is con- 
tained in the cavities of the vegetable cells, in the form of small 
white and brilliant grains, which are not ^fystalline,®but have a 
rounded outline without any determinate form. It Is so far an 
organised substance, that each grain has a sj)ecics of envelope, 
which resists the action of cold water, while the inner portion 
is observed by the microscope to be composed of concentjic 
layers of unequal thickness, as^^if the l^ers produced during 
the day exceeded in thickness those formed during the night. 
(Fritzsche). The grains oS the starch of diflferent plants differ 
in size, those gf the potato being about Trixrj of ^wheat s Ju, of 
™llet, -nrJmrth of ail inch in ’diameter, according to obseryaltions 
of Raspail. But it is also knoyn that the karch grains of the 
same plant differ in size at different stages of its develojvnent. 

The purest starch is obtained from potatoes, which are 
reduced to a pulp and washed on a sieve. The grains of starc^ 
are separated and passed through; they may be washcdrepcatedly 
with cold water. Potafoes yield 15 to 17 per cent, of starch ; 
wheaten flour consists eiSsentially of stq,rf:h and another vege- 
table principle gluten. \Vhen made into dqugh with a little 
cold water, inclosed in a linen bag,, and gently pressed by the 
hand in water, so long^as a milky juice exudes, these two subs- 

2 c c 
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tances are in a great measure separated, the gluten remaining in 
the bag, and the grains of starch being diffused through the water, 
from Vhich they afterwards subside. On the large scale, wheaten 
meal coarsely ground is mixed with cold water in large vats, in 
which, with a certain Addition of spur water from a former 
process, the liquid ferment^ for seven or eight days, and the 
starch subsides. The acetic acid formed in the fermentation 
dissolves the greater part of the gluten of the flour, and the 
bran is separated from the starch by a fine sieve. The «tarch 
^isi afterwards mixed with pure’ water in the vat and allowed to 
settle; the remainijjj^ gluten is deposited as a grey slimy matter 
above the starch, which is removed, and the starch washed 
again till pure. For. the fermentation, the action of a weak solu- 
tion of cauistic alkali has lat?ely been substituted, by which the 
gluten of flour is , dissolved and the ‘starch left. Mr. O. Jones 
employs a ley containti^^g 200 grains of caustic soda in one gallon 
of water. A ley containing 400 grains of soda causes the starch 
to gelatinize ; by that quantity of ley, one pound of excellent 
starch is obtained from flour of rice, allowed to digest in it in the 
cold for forty-eight hours. 

Arrow mot is tlieStarch from the root of the marantha arun* 
dinacea. It is not accompanied by any odoriferous principle, and 
has therefore no smell when boiled with water, in which respect 
it resembles potato starch washed with alcohol. Sago is 
derived from the pith of true palms of the genus Sagus ; tapioca 
or cassavay from an American plant, the ^iatropha manihot, of 
which the milky juice*, itself poisonous, deposits when diffused 
through water a harmless starch. T^he peculiar appearance and 
solubility in pold water of sago and tvapioca arise from the starch 
being exposed while humid to a tenfperature above 140®, so that 
it is dried in the ^gelatinous condition and not in the original 
grains. ^ 

Starch or fecula niay be purified from adhering gluten by 
maceration in diluted acetic acid, or by ipeans of a cold and 
dilute solution of alkali. The starch of commerce is perfectly 
white, and in small columns formed by the contraction of the 
humid mass of starch in drying, which are easily reduced to a 
fine powder. It^emits la particular sodnd when pressed between 
the fingers, its^density is ^1,53. The other characters which 
fecula exhibits are complete insolubility^'' in cold water and in 
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alcohol, but resolving itself in boiling water into a mucilaginous 
liquid, which forms a jelly on cooling. This Avhen suddenly 
dried upon linen imparts considerable stiffness to it. I)ilute 
acids dissolve starch, and form a transparent aiid highly fluid 
liquid. When this solutiqn is boiled a long time, the starch 
is first converted into a body having the properties of gum, and 
afterwards into starch sugar.. Nitric acid with the assistance of 
heat converts starch into oxalic and •malic acids, without pro- 
ducing a trace of mucic acid. Starch is also soluble in alkalies ; 
when brayed with a concentrated solution of hydrate of potash^^ 
it forms a transparent gelatinous compound soluble in alcohol 
and water, from which the starch is precipitated by acids. Starch 
is precipitated from solution by lime water a>id hydrate of barytes, 
and by sub-acetate of lead containing ammonia, formiiig inso^ble 
compounds with lime, bafytes and oxide pf Jend. A solution 
of starch is also coagulated by borax, whidf^ combines with and 
precipitates the starch, but not by b*oracic acid. Starch is pre- 
cipitated by an infusion of gallnuts. It forms a blue insoluble 
compound with iodine. 

Gelatinous starch or amidin. — In this state starch appears to 
retain a portion of its organisation or sifucture, ifpon w^hich 
soma of its properties depend^ and which is the cfluse of the 
difference in properties of the varieties of starch, cont;aining 
the same chemical principle. W^hen grains of fecula are 
rubbed in a mortar with sand, their coating is broken and tl^y 
form a greyish w^hite powder, which when mixed with a little 
cold water immediately expands and forms a transparent jelly. 
If th| uninjured grains be^hrown into water above 140^^ they 
imbibe water, gwell and l^urst their envelopes, prbich have a 
certain degree of elasticity, ayd undergo the same change. * But 
the gelatinous starch has imbibed water like a si:)ongt, without 
being dissolved and when placed upon several folds of blotting 
paper imparts to the latter its moisture* and dries up into a 
mass resembling borji, which exhibits again the same phenomena, 
when after being reduced to powder it is treated with boiling 
water. A portion of "the gelatinJhis starch, however, appears 
to be dissolved by a lar^e quantity of y did water, about ^th of 
the starch, w’^hen the bruised grains a?c diff used through 100 
times their weight of cold water^ and the whole of it when 
gelatinous starch is bmled with 40 or 50 parts of water ; for the 
mucilaginous liquid passes through a double paper filter and no^ 

2 c c 2 
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granules or solid matter in any other form can be perceived in 
the liquid by the microscope. The tegumentary portion of the 
starch, which amounts to ^three Dr four thousands of the whole, 
remains on the .filter, but may also be dissolved by continued 
boiling. When the qudptity of starqh dii^solved by hot water 
is considerable, much of the starch separates in a gelatinous 
state, on the cooling of ''the solution. The peculiar character 
of the solution of starch in water has been the object of much 
research by M. Payen, which lead to the observation that by 
fthe^freezing of a solution of stafch that substance separates from 
the water and contracts into a species of tissue, which is not 
dissolved again on the thawing of the ice. It is the opinion of 
the same chemist that the organisation of the starch is not 
altogether /effaced or its cohesion destroyed, so long as it is 
gelatinous and possesses the property of being stained by iodine 
of a blue, or of di^efe^t shades of violet to red, according to 
the degree of its division.** 

Granules of starch of M. Jacquelain . — When starch is heated 
under pressure in a Papinas digester to 302® (150® cent.), with 
from five to fifteen times its weight of water for two hours, 
the whole is dissolved except the tegumentary matter, and the 
solution is '*so thin that it maybe filtered at the boiling ^item- 
perature. This solution when it cools deposits a considerable 
mass of pulverulent matter, white and opaque and entirely 
composed of a species of granules, first observed by M. Jacque- 
lain. These granules when examined by a microscope having 
a power of 200 diameters, present themselves as circular or 
spherical bodies, transparent, and vniformly rrhnr of ai^inch 
(Ti^<nrths of a* millimetre) in diameter. . When dried they have 
the whiteness of starch without jts*^ lustre. They are denser 
than watef, and subside from that liquid almost as quickly as 
fecula. These granules are scarcely soluble at 32®, slightly so 
at 53.6®, but dissolve* in a considerable proportion about 158®, 
^nd in still greater quantity at the temperature of ebullition. 
This increased solubility is the most remarkable chemical change 
which the starch has undergCne, by its" solution in water at a 
high temperature. A*tihydrous alcohdl precipitates completely 
a solution of the, granules and the aqueous solution of iodine 

Annalos de Cliimic et de Pliysiqiip, tome 65 , p. 225. 
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makes it blue and not purple. When a film of a concentrated 
solution of these granules is left under the microscope, it is 
seen to be in a state of agitation so long as the evaporation of 
the water continues and when the matter comes to be dried, 
the granules cease to be visible, attacking themselves to each 
other as if soldered togelher, and forming a transparent plate 
in which nothing can be perceived even*,with a magnifying power 
of 800 diameters. A solution of the granules, when frozen and 
afterwards melted, gives the granules in tlie form of fine fila- 
ments, which are very short, and have a silky lustre. M. 
quelain finds these granules and fecula, both dried between 206^ 
and 275 ^^, to have the same composition, Ci 2 HioOiy. But he 
constantly obtained a small quantity of nitrogen from starch, 
about i per cent, from his granules and a soinewhat^Iarger pro- 
portion from fecula, which* he conceives to be essential to ^hat 
substance. 'I'he power which starch posSesses to form these 
granules, must be considered as an organic jSroperty, and proves 
that it retains contractility, even when dissolved in water.^ 
The original grains of fecula, which consist of concentric 
layers, are still more highly organised ; starch indeed occupies 
an important place in organic chemistry/ as a li]jk between 
matters truly organised and those bodies of a le«s complex 
con^itution, wliich still belong to the organic kingdom, but 
approach in their crystallization, volatility ortjhemical properties 
to minera^ substances properly so called. 

A compound of amidin and oxide of lead was formed T)y 
M. Payen, by dissolving two pJtts of pllrfe starch in 250 parts 
of water, with ebullition for twenty minutes and pouring 
the filtered solution into an excess of the ammoniacal solution 
of acetate of leacl (page 594), collecting and Vashing the {preci- 
pitate upon a filter, and drying it in vacuo ttt 35 6*^ (.180^^ cent.) 
He terms it the bibasic aniylate*of lead, C,,H, 09 + 2 Pb 0 . 

Starch combines with chlqrine, bromine and iodine. The 
solution of chlorine has little effect upon starch, but when dry, 
starch is introduced 'into chlorine gas, the latter is absorbed,^a 
little carbonic acid is evolved, the mass becomes liquid, assumes 
a brown colour, and is charged with much Jiydrochlorie acid. The 
bromide of starch is an*orange powdef, which is formed, ac- 


• Jacqneliiin. Annufts de Cliimie et dc Physique, tome 73, 
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cording to Fritzsche, when water saturated with bromine is 
drbpt into a solution of starch in water acidulated with hydro- 
chloriv; acid. The colour is destroyed by a slight heat; to 
obtain the iodide of starch in a state of purity the following 
process is recomraendedv^ A firm jelly is prepared by boiling 
potato starch with v;ater, and after cooling, a quantity of 
hydrochloric acid is addfed sufficient to occasion the mixture 
to become liquid when,, assisted by a slight elevation of 
temperature. The solution is then filtered and a solution 
,iodine in alcohol is mixed with it, so long as the latter 
produces a blue precipitate, care being taken not to add too 
much of the solution of iodine, as the alcohol of that solu- 
tion will then precipitate uncombined starch. The precipitate 
is collecte(J^ drained on a, filter and w^ashed with water 
poured upon it jn small quantities. ‘Once deprived of hydro- 
chloric acid, the compound dissolves in the water used to wash 
it; the washing is ihefeforb interrupted so soon as the liquid 
which passes exhibits an intense blue colour ; the compound is 
removed from the filter and dried on a capsule over sulphuric 
acid in vacuo. A brown-black gummy and very brilliant mass 
is thus obtained, wWijh can easily be pounded when perfectly 
dry, but which becomes viscous by attracting hygroiytric 
moisture. It is very easily dissolved by w^ater, giving a deep 
blue solution, and' may be recovered again by evaporation in 
vacuo, in a dry state and without alteration. When ^ solution 
of iodide of starch is heated, it becomes colourless at 158® or 
160® if very dilute, b'ut not dnder 194® when the solution is 
concentrated. The colour reappears on the cooling .of the 
solution, provided it has not been boiled. When the colour is 
not restored, the iodine appears to be converted into iodic and 
hydriodic acids. Animal charcoal discolours the blue solution, 
canying down iodine. The iodide of starch contains 41.79 parts 
of iodine with 5^.21" of starch, ^^according to the analysis of 
Lassaigne, or it consists of two atoms of iodine with one atom 
of starch. (Berzelius). 

! Dextrin or mucilaginous starch . — By the action of acids, 
alkalies, diastase, anc?, of heat, a complete dissolution of the 
gelatinous starch may be effected ; it becomes largely soluble in 
cold water, the i^olution is mucilaginous and not gelatinous, and 
the altered starch has many of the characters of gum. Dextrin 
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is prepared by boiling a solution of starch with a few drops of 
sulphuric acid, or by heating to 200*^, 100 parts of starch, 20 of 
sulphuric acid and 28 of watey, filtering and precipitatiwg by 
alcohol, as a white glutinous substance becoming pulverulent by 
repeated washings with alcohol. It may also be prepared by 
diastase ; an infusion of malt is mixeef with a solution of sUirch, 
in the proportion of 6 or 8 of malt to 100 starch, and tlie lic|uid 
kept at 150^ for twenty minutes. Frjom being milky and viscid, 
it becomes nearly as fluid as water. It is tlien heated quickly 
to 212®, to stop the farther action of the diastase, filtered ^and 
precipitated by alcohol. The solution of dextrin was supposed 
not to be affected by iodine, but Jacquelain finds that dextrin 
is coloured purple by iodine, and not blue, like fecula, or that 
is not colourable by iodine, accor^ding to the circumstances of 
its preparation. Thus Impart of the granule^ with 5 parts of 
water, heated to 320® for forty- five mintites, gave a dextrin 
which was colourable purple by iodine | wHiile the same mate- 
rials heated for one hour and forty-five minutes, at the same tem- 
perature, gave a dextrin not colourable by iodine. There can 
be little doubt, therefore, that there are two varieties of dextrin, 
dextrin colourable hj iodine^ and dextrm not coloural^e by iodine, 
Th^e varieties of dextrin also appear in the siiccession of 
changes which fecula undergoes under the influence of an acid. 
Thus a mixture of 1 part of fecula with Impart of water and 
tItt of oxalic acid, gave when heated at 2()6® for twenty minutes, 
dextrin colourable purple, for one hour dextrin not colourable, 
for two hours sugar of starch alSo not ccficTurable. 

Dextrin is not fermentable by yeast, but is readily convertible 
by diastase and dilute aci3s into a sugar, which is fermentable. 
The name dextrin was apphed to it by Biot From its ellecC upon 
a ray of polarised light passing through its® solution,, in •causing 
the plane of polarisation to deviate very coiisidcralily to the 

right."^ The composition of^extrin according to M. Payen, 

• 

* Memoirs by M, Biotf on Circular Polarisation; Taylor’s Scientific Memoirs, 
vol. 1 pp. 584, 600, and Annales de Chimic et de Physique, tomes 60, p. 22, ct 24, 
p. 401. When lig^ht polarised by reflection from the surface of a plate of black 
glass or from the ^rface of a pile of superposed plates of transparent glass reaches 

* eye through a disc of toustnalin, a solution ol dextrin being interposed in a 
e between the reflecting plate and tourmalin, the liglit docs not disajipear in 
those positions of the tourmalin in which Jight would be completely absorbed 
without the interposition the solution of dextrin ; but prismatic colours arc 
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is CjgHioOio, and of two dextrinates of lead dried at 356”, 
Ci^HjjOg-hPbO, and CiaH 909 + 2 Pb 0 , so that dextrin is 
identical in composition with ^midin, both when free and in 
combination. Both of the dextrinates of lead retain 1 eq. of 
water, when dried kt inferior temperatures. A dextrinate of 
barytes, prepared by Eayen by means of a solution of anhydrous 
barytes in wood spirit, ::and strongly dried between 356” and 
374”, gave C, 2 H ,09 + BaQ,H0. 

When dry starch is heated in an oven it becomes brown and 
^sqluble in cold water. It then* forms British gum^ which cor- 
responds in properties with dextrin. 

Diastase. — ^This is a remarkable substance observed by Paycn 
and Persoz in grains and seeds, but only after germination, and 
in the tubers of the potatq near the places from, which the 
shodts proceed.^ The production of diastase is the principal 
object of the malting <Df grain or permitting it to germinate, and 
has an important ihfluence upon the changes which occur in 
the starch of grain in brewing. Diastase is prepared by moisten- 
ing freshly germinated barley w ith half its weight of cold water, 
and submitting it to pressure, by which a viscid liquid is 
obtained. ^This liquid is filtered and then heated to 158”, 
which cau^s the greater part of an azotised or albuminous 
matter existing in the liquid to be coagulated and separated. 
The liquid after filtration is mixed with a sufficient quantity 
of alcohol to precipitate the diastase and retain in solution the 
colouring matter, sugar and foreign azotised matter present. 
The precipitated diastase is wa&ed with alcohol, dissolved again 
in water and thrown down by alcohol two several times, 
for the purpose of purifying it (An. de Chi. &c., liii, 73). 
When driedlit is k white solid amorphous substance, soluble 
in water, but insipid, and not precipitated by «aubacetate of 
lead. It contains nitrogen, and has some analogy to gluten, 
but has not been obtained in a^^^state of sufficient purity for 

produced which follow a certain order, if the plane of polarisation is turned from 
left to right. Tt is by the order of these colours, that a liquid is said^to polarise 
light to the right or to the left. The solutionpf stdrch polarises to the right and 
that of dextrin cousiderably ^ore so in the samt direction. While a solution 
of cane sugar produces the sulcession of colours nn an inverse order, and is said 
tlwrefore to polarise to the left. The progress of chemical changes may thus 

often be observed in 'a solution of ytarch, the juices of plants and other organic 
fluids. I* * ® 
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analysis. Malted barley contains not more than 1 — 500th of 
its weight of diastase. The solution of diastase has no action 
upon many vegetable principles* such as sugar, gum, albhraen 
and gluten, but has a specific action upon starch, converting 
a solution of that substance first intcj* dexVin, and afterwards 
into the sugar of starch, and such is its energy that 1 part of 
diastase will convert 2000 parts of staifch into sugar. Diastase 
acts upon gelatinous starch even at ,32^’, bht most powerfully 
between 140® and 150®. It has the remarkable property of 
separating the envelope from the grains of starch.=^ 

In the ordinary process of brewing, the mashing or infusing 
of the malt should be begun at 168® or 1 70®, the temperature 
at which the diastase acts more advantageously, by which the 
starch of the grain is converted into sweet worts, , The tem- 
perature may be afterwards raised by adding water at 185® or 
195® to the miish tun ; the saccharisation generally completed 
in an hour and a half at the utmost^ anti tne sweet worts are 
tlien run into a copper to be boiled and hopped, (Black on 
Brewing). The sugar of the cooled worts is afterw^ards fer- 
mented by the action of another i^rinciple yeast and converted 
into carbonic acid and alcohol, as will afte//ards appear. The 
diastase of 1 part of malt is often made to succharisef the starch 
of 10 or 12 parts of unmalted grain, when the sweet wort is 
to.be fermented and distilled for spirits. * 

Gluten ^ — ^This substance remains when the starch of w^h^t 
flour has been separated by pressing the dough in water till 
the washings are no longer milk/, as a grey* viscid adhesive and 
elastic substance. It is inijoluble in water, but is dissolved by 
alkalies and also by acetic^apid. It contains nitrogeji, and when 
left humid in air, has a tendency to putrify 5* when completely 
dry it is ImTd and brittle, with*some resemblaVice to glue. Gluten 
forms from 19 to 24 per cent of good wheaten flour. According 
to Davy the wheat grown in ,the south of Europe is richer in 
gluten than that of cplder climafes; it if peculiarly suitable on 
that account for the manufacture of macaroni, vermicelli and simi^ 
lar pastes^ which are made by a kind of wire drawing. Gluten is 
one of the most nutritive* of vegetable substances \ when se- 

* The name diastase was applied to it from I sci»rate, in referQ4Ce to 

its property of separating two supposed con8lit»*ents of starch • 
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parated however from starch and pure, gluten is scarcely 
digestible. 

It *is to the presence of giuten that wheat flour owes 
its property of forming a tenacious paste with water, and also 
a light spongy bread. 7n baking leavened or loaf bread, the 
dough is mixed with quantity of yeast, or in its absence with 
a portion of sour dough* called leaven, and set aside in a warm 
place, which occasions the saccharine matter of the flour to 
undergo the vinous fermentation. The carbonic acid gas then 
^evolved expands the gluten into vesicles and causes the rising 
the dough, which then forms alight loaf when heated in the oven. 

Gluten is not a pure principle; when digested in hot 
alcohol till every thing soluble is taken up, it leaves a bulky 
sutv^tance of a greyish colofur which has been called vegetable 
albumen^ The latte/* is soluble in water, but when the solution 
is heated the albunjeh coagulates and becomes insoluble ; it is 
also coagulated by the stronger acids. The true gluten, obtained 
by evaporating the alcoholic solution, retains its adhesive pro- 
perty and is soluble both in acids and alkalies. It is not 
precipitated from a solution in acetic acid by the acetate of 
lead or persulphate of iron, but abundantly by tlie chloride of 
mercury and infusion of gallnuts. 

Inulin . — This variety of starch was discovered by V. Rose in 
the root of the Inula Helenium, to which it owes its name. ’ It 
is .also found in various other roots, and in some lichens. It is 
conveniently obtained from the roots of the dahlia. The latter 
are rasped, washed with cold water and expressed, then boiled 
with water, and the hot solution fi/tered through linen. This 
soli^tion map be (jlarified by white of egg, if muddy, evaporated 
till a pellicle forms on its surface^ and then allowed to cool ; the 
inulin is deposited in a pulverulent form. It is collected on a 
filter and washed well with &old water. Inulin is a very fine 
white tasteless powder, of density 1.336, very soluble in boiling 
„water, but not gelatinizing, and requiring 50 parts of cold water 
to dissolve it. Iodine makes it yellow, and insoluble in cold 
water. It is insoluble in cold alcohol,** soluble in acids, whicli 
change it with the aid of ebullition iilto sugar, and more readily 
than ordinary sj^arch. It is converted by nitric acid into malic 
and oxalic acids, without ^ trace of mucic acid. It was found 
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by Mr. E. A. Parnell, when dried at 212**, to consist of 
C24 Hji O21. Two compounds which it forms with oxide of 
lead are thus constituted, C24 H21 O2, +5PbO, and C24 iru, 0,^ 
+ 3PbO.* 

/Lichen starch . — Several species of.lichens, particularly tlie 
Cetraria Islandica (Iceland moss), ^contaift a variety of starch, 
closely resembling common starch. It gives a white and opaque 
jelly. It is feebly coloured by iodine,* the tint produced being 
between brown and green. This starch contains, according to 
the analysis of Gucrin-Vary, H Oiq, but this result. re-# 
quires confirmation. 


SUGARS. 

Several substances are known as 'sugars which agree in haj^ing 
a sweet taste, but differ in other respects. Those which un- 
dergo a peculiar decomposition and are converted into carbonic 
acid and alcohol, when their solution is mixed with yeast, are 
fermentable sugars, and form the most important class ; they 
are Cane sugar. Grape and Starch sugar, which appear to be 
identical, Milk sugar, Mushroom sugar, and the insipid sugar 
of Thenard, of which the two first-mentioned varieties are the 
most abundant and best understood. 

CANE SUGAR, OR ORDINARY SUtAR, 

Its formula in the crystallised state is 0^2 ; in cogi- 

bination with oxide of lead, C12 Oj, + 2PbO (Peligot). 

Loaf sugar, sugar-candy, or the purest granular muscovado 
may be taken to represent this species. It exists in many 
plants, but is dgrived in quantity only from ,the juice of 
the sugar-cane, from beet-rpot and the maple- tree, ^liicse 
juices are rapidly evaporated wjth a small aSdition of lime, to 
neutralise free acid, being sometimes clarified first by albumen, 
and afford on cooling a brown jgranular sugar, from which a 
dark coloured syrup, •molasses, separates. The latter contain^ 
a portion of crystallizable sugar, which may be separated fron> 
it by evaporation, and leaves treacle, which differs in taste from 
crystallizable sugar, and i& certainly a disythict species of sugar, 
although highly impure.* To refine sugar, it* is dissolve^ in 


* Phil. Aag, 3rd series, vol. 17, p. 126. 
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water, and the solution generally filtered hot through a bed of 
animal charcoal in grains like gunpowder, and about two feet 
in thibkness. The colourless syrup thus obtained is evaporated 
in vacuo, about 150®, in close pans heated by steam, from 
which the vapour is cd>)stantly withdrawn by an air-pump. 
When sufficiently concentrated, the syrup is run into a cooler, 
and agitated by an oar to promote its granulation. 

It is then transferred ir>to moulds, which are inverted cones, 
liaving an aperture in the apex, and kept in a warm place, while 
•tke*dark coloured and uncrystailizable syrup drains off; a strong 
syrup of pure sugar being poured on the upper surface to per- 
colate downwards and remove the last portions of the former. 
Instead of the pure «yrup, moist pipe-clay was formerly placed 
oh Jjic surface of the sugar for the same purpose, and is still 
employed in clayed sugars. The loatf sugar from these moulds 
is a white compact nfass, composed of small crystals. A strong 
solution of it, evaporated slowly, affords large transparent and 
colourless crystals of sugar-candy, of which the form is an 
oblique prism of a square base, or a six-sided prism with dihedral 
summits. The density of pure sugar is 1.5629 (Thomson). 

Loaf sugar diffustis a phosphorescent light when broken in the 
dark. It Is unalterable in dry air, and loses nothing but a trace 
of hygroscopic water when heated. It fuses at 356® (1 80® cent.) 
and forms a thick 'tenacious liquid, which becomes a transparent 
vitreous mass on cooling (barley-sugar). The latter changes 
after a time, and rapidly when damp, into an opaque mass, 
which exhibits when broken,*the crystalline facets of ordinary 
sugar. Sugar is soluble in one thifd of its weight of cold, and 
in dil propqrtions of boiling watei^.^ Its power to crystallise 
is d^troyed by keeping its solution for some time boiling, and 
also by the addition of 3 *oth of its weight of oxalic, citric, or 
malic acid, which instantly render a viscid and boiling syrup, 
very fluid. Sugar dissolves in JdO parts of absolute alcohol at 
,the boiling temperature, very slightly ip the same cold, in 
A parts of alcohol of density 0.830, and is wholly insoluble in 
ether, which precipitates sugar from its solutions. Sugar is 
nutritive When accompanied with other aliments, but is inca- 
pable alone of supporting life for any Vngth of time, in common 
witli all organic principles Restitute of nitrogen. A solution of 
sugar placed in contact with the stomabh of the calf (rennet), 
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is changed entirely into lactic acid, according to the observations 
of Fremy. 

A solution of cane' sugar is ftrmented by yeast, but not so 
readily as grape sugar ; indeed the first action of the yeast is to 
convert cane sugar into grape sugar,* which appears to be the 
only species of sugar that is directly feAnentable (H. Rose) ; 
diluted sulphuric acid with heat, and taftaric acid likewise effect 
the latter transformation of cane su^ar. The first action of 
caustic potash in excess upon cane sugar, at the boiling tempe- 
rature, is similar. A strong syrup mixed with undiluted oil Af® 
vitriol becomes hot, swells up, much charcoal is formed, and 
sulphurous and formic acids disengaged. Sugar is also decom- 
posed by hydrochloric acid, with the aid of* heat, and charcoal 
liberated. Nitric acid converts it* into saccharic, t)xalic <ind 
carbonic acids, 100 parts of sugar yielding &7^arts of oxalic 
acid, according to Thenard, Dry chlprin^ lij^s no action on dry 
sugar, but syrup absorbs chlorine slowly, and the sugar is con- 
verted, with disengagement of carbonic acid, into a brown matter, 
which retains some hydrochloric acid. Sugar dissolves car- 
bonate of copper and verdigris, forming gre^ solutions, which 
are not precipitated by alkalies ; the salts,* both of cbpper and 
peroxide of iron, cease to be precipitated by alkalies when sugar 
is added to them. Sugar also dissolves lime,^barytes and oxide 
of lead in large quantities, and forms definite compounds with 
these bases, although in no respect an acid. Sugar is generaliy 
viewed as containing two atoms of^w^ater of, crystallization, whicli 
cannot be expelled by heat, without destroying the sugar, but 
one or both of which are * separated in these compounds and 
replaced by a metallic oxidet^ ^ 

Compound of sugar and lirng*, ^^9 O^-J-CaO, HO .(Peli- 
got). When a solution of sugar is digested by a moderate heat 
with hydrate of lime, a bitter alkaline solution is obtained, in 
which 100 parts of sugar are unitfd with 56 of lime. The com- 
pound is less soluble at a high temperature, and the solution,* 
when boiled, becomes a thick gelatinous mass, from which the* 
compound separates as a* precipitate, and may be obtained pure 
by washing with boiling ;^ater, in which, ft is insoluble, or by 
precipitation with alcohol, which retains any <jxcess of sujjar. 
The solution of this compound absorbs carbonic acid, rapidly 
from the air, and acute rhombohedral crystals of hydrated car- 
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bonate of lime form in it. The compound oi sugar and barytes 
is similar, according to Peligot’s analysis, as corrected by 
Liebig, or Hg Og + BaO, HO. The compound of sugar and 
oxide of lead^^Cy^ Hg Cg + PbO, is prepared by dissolving 
oxide of lead in a boiling'solution of sugar ; it falls as a white 
precipitate, which is"*h?id perfectly pure by washing it with 
boiling water, whicli does not dissolve it, Jind drying; a so- 
luble compound of sugar tind oxide of lead is retained in the 
liquor which gives the precipitate. A crystalline compound of 
*^s)igar and chloride of sodium is* formed on allowing a solution of 

1 part of common salt and 4 parts of sugar to evaporate spon- 
taneously in air, the solution being decanted several times from 
the crystals of sugar-candy, which are first deposited. The 
crystals of*the compound iii*question have a taste at once sweet 
and saline, anefrantin'to a liquid in humid air ; their formula is 

2 Ci2 Hg Og-f Na Cf, ^SHO:* It is probable from the composi- 
tion of this salt, that the usual equivalent of sugar should be 
multiplied by two, if not by a higher number. 

' « Caramely 0^2 Hg Og. At a temperature a little above its point 
of fusion 356®( 180^ cent.), sugar becomes brown, and at 410® or 
428® (210® or 220® cent.) swells up and becomes a black porous 
shining mass, which is known as caramel, losing nothing but 
two atoms of T^jater. It is obtained free from sugar, and 
the bitter products which accompany the caramel of the shops, 
by solution of the black mass in a small quantity of water, and 
precipitation of the,C9iramel by alcohol, which retains, the impu- 
rities in solution. Caramel is a black or very dark brown 
powder, neutral and insipid, soluble in water, to which it gives 
a fine colour of sepia, and not fermentable. It has the same 
composition as sugar in the compound of sugar and lead, 
C j 2 Hg Og (Peligot) ; it precipitates salts of barytes and basic salts 
of lead. Grape sugar furnishes the same product by heat. At a 
higher temperature, caramel Ipscs more water, and forms an in- 
' soluble matter ; when still more strongly heated it affords combus- 
•tible gases, and leaves a bulky charcoal, difficult of incineration. 

MetacetonCy C5 Hg O (Freray), a combustible liquid, obtained 
mixed with acetone," by distilling a jnixture of 1 part of sugar 

Eeligot ; Recberchcs sur la nature ct les propri^tds cliimiques des sucres. 
An, de Cli. &c. t. 67, p. 113; ef sur la cotnpositio(i du saccharate dc pU)mb. //>• 
t. 73, p. 103. 
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with 8 parts of well pulverised quick-lime. The mctacetone is 
insoluble in water, by means of which it may be freed from 
acetone. It is a colotirless liquiti, of an agreeable odour, boiling 
about 183.2® (84® cent.), and miscible with alcohol and ether. 
It may be viewed as acetone, minus one atom of water, Cg H(;02 
— H0=C6 Hg O. One atom of. anhydrous sugar contains 
the elements of: * * 


1 atom of acetone. 

1 atom of metacetone . 
3 atoms.of carbonic acid. 
1 atom of water. 


C, IL O 

Cg Hg O 
Ca Og 

II O 


^12 Pfl 


; Saccharic acid, C ,2 Hg Oj|-f 5HO=Cj2*ili(, Ojg (Thaulow). 
This acid was designated by Guerin-Varry; it is 

a product of the action of dilute nitric acid on either cane or 
grape sugar. It is procured by dissolving 1 part of sugar or of 
gum in 2 parts of nitric acid diluted with 10 of water, and heat- 
ing so long as chemical action is manifested.'^ The acid liquid is 
then neutralised with carbonate oflime, and the neuftal acetate 
of lead added to it. The saccharate of lead which falls is decom- 
posed by sulphuretted hydrogen, and the free acid half neutra- 
lised by carbonate of potash, and crystallized as the acid s^- 
charate of potash. The last salt is decolorized by charcoal, 
converted again into a salt of lead, and Ihe acid liberated by 
sulphuretted hydrogen. 8|iccharic acid when concentrated is 
syrupy, colourless, sharply ncid, and deposits colou^css crystals, 
after long repose. It is solilble in alcohol in all proportions, and 
slightly in ether. It does not precipitate salts* of barytes or lime, 
but produces white flocculent ‘precipitates in barytes-water 
and lime-water, which are soluble in an ex*cess.of acid. 

This acid is reqaarli^ible for the’ variety of compounds it forms^ 
with bases. It is supposed to be pentabasic,..and to- form 5» 
series of salts, according as 1 atom, 2, 3, 4, or the whole 
5 atoms of water are replaced by metallic oxides j but it is pos- 
sibly only tribasic, although capable of ^riftng a subsalt jpth 
oxide of lead. Of the folltwing salts, tiie composition is known 
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Hydrated saccharic acid 
Acid saccharate of potash 

Saccharate' of amm9nia . 

ff 

First saccharate of lead * 

Saccharate of zinc . 

Second saccharate of lead* 
Third saccharate of lead 


C12HA1+5HO 

P TT O 4 - 


^ 12 ^ 6^11 + 


NH 4 O 

4H0 


C12H5O11 + 


2 PbO 

SHO 

2 ZnO 

3 HO 




^3PbO 

■^ 2 HO 


CiAOn+SPbO 


It is remarkable ^ that hydrated saccharic acid contains the 
ele^ients o£ 2 atoms of mRcic acid ; Ci2H,oO,6==2 (C^HgOy) ; 
a substance precbiced^by the same liiode of oxidation of milk 
sugar,* 


GRAPE SUGAR. 

Syn. Starch sugar ^ diabetic sugar ^ the sugar of fruits^ glucose 
(Dumas). ^The fonaula of crystallised grape sugar is C13H14O 

14 > 

but at 2V2® it fuses and loses 2 atoms of water. This is the 
sweet principle of raisins, hgs, and of most acid fruits ; it exists 
also in honey, and is the sugar of diabetic urine. It is also a 
product of the decomposition or transformation of several other 
substances, as of cane sugar, starch, lignin and milk sugar, when 
treated with dilute acids. Gmpe sugar is not so soluble in cold 
water as cane sugar, and about 2^ tiipes less sweet. 

It isobtainedfrom the grape, by neutralising the expressed juice 
with chalk, l-larifying with white of e^g, evaporating and setting 
aside to grystallize. From the urine of diabetes, by evaporating 
the latter to dryness in a watpr-bath, washing the dark crystal- 
line mass on a filter with cold alcohol, and submitting the white 
residue, dissolved in water, to’ repeated crystallizarions. But 
'this si^ar is m^ost largely prepared from starch, and indeed, 
forms a considerable article of commejrce. One part of potato 
starch is boiled wit^ from 1 -lOOth |to 1 -lOth of its weight ol 
sulphuric acid an4 four parts of water, for thirty-six or forty 
hoVrs, the wat^ being replaced as it evaporates. The solution 

* c . 

a 

* Thaulow, Bur r.Acide Saccharique, Ani dc Chimie, &c. liux, 52. 
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ceases to be gelatinous, and passes first into dextrin and then 
into sugar. Under some pressure, and at a higher temperature, 
the change is effected more quickly and by means of ft less 
quantity of acid. A small quantity of oxalic apid may be 
substituted with advantage in this ^process instead of the 
sulphuric acid. The acid is afterwards -Meutralised with chalk, 
the solution filtered from the insolubld salt of lime, and evapo- 
rated to a syrup, which solidifies as a .cry stalline sugar. Starcii 
is also converted into sugar by means of diastase, l^ight 
parts of ground malt are infused •at 158^ ( 70 ® centigrade) in 
])arts of water, and then mixed with 100 parts of starch, wdiich 
soon dissolves, and by continued digestion at the same tempe- 
rature is entirely changed into sugar. By calculation, 100 parts 
of fecula, combining with the elenicrits of four atoqjis of water, 
should produce 122.03 parts of crystallized^ grajie sugar; Ue 
Saussure obtained 110 parts, and Bruniter from 104 to 106 
parts. In the transformation of sthrcli^^ into sugar, a variable 
quality of mannite is always formed at the same time, according 
to the observations of Fremy. 

To prepare grape sugar from lignin or woody fibre, 12 parts 
of wood shavings or shreds of paper arc.g^&dually mixed with 
5 parts of oil of vitriol diluted with 1 part of water,*care being 
taken to avoid any rise of temperature ; after twenty-four hours* 
digestion, the pitchy mass is dissolved in* much water, and 
boiled for ten hours, and the acid afterwards separated as in the 
former process for sugar from starch. 

Grape sugar does not crystallize so dislinctly as cane sugar, 
but is obtained from its ajpoholic solution in square tables or 
cubes, which are^hard and transparent. It is soluble in 1 i parts 
of cold water, and in all proffortions of hot water. It dissolves 
less rapidly than cane sugar, and gives a mo'te fluid syrup. In 
alcohol, at a low temperature. It* is very sparingly soluble, but 
at 77^ (25® cent.) it is soluble^ in 8 parts bf ajcohol of 85 per 
cent and in 20 parts gf absolute alcohol. It fuses with loss of 
water at 212®, and is converted into caramel when nut heated 
above 284® (140® cent.).* 

The chemical action of acids and alkalies upon grape and cane 
sugars are essentially diflcTent. Grape sugar dissolves in con- 
centrated sulphuric acid, colouring it slightly yellow or Wown, 
and forms a compound^ with it, the sulpbosaccharic acid, while 

2 I) V 
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cane sugar is carbonised in the same circumstances. On the 
other hand, alkalies which do not alter the colour of cane sugar, 
even the boiling point, provided they are dilute, convert grape 
sugar, with heat, into a brown or brownish black substance. The 
compounds of ^ape sug;?ir with barj^tes, lime and oxide of lead 
are formed with difficulfy, while a ct*ystalline compound with 
chloride of sodium is easily prepared. 

Comjjoimds of grape sugar. — According to the recent analyses 
of Erdmann and Lehman, the compound of grape sugar and 
chloride of sodium contains 2 citoms of water, which it loses at 
^212^ Its formula in the crystallized state is 2(Ci2Hj20j2) + 
NaCl,2HO. This compound loses 3 atoms of water at 32(y’ 
(160^* cent.), according to Peligot, but then its sugar is modified. 
The compound of grape sugar and oxide of leady precipitated 
on mixing *the sugar with acetate of lead containing ammonia 
(page 594), consfsts, according to the analysis of Peligot, as 
corrected by Liebig, of Cj^H^jOu-hSPbO, or in its formation 
3 atoms of water are replaced by 3 atoms of oxide of lead. The 
solutions of lime and barytes in grape sugar become brown, 
when heated. 

Sulphosaccharic ^eid was formed by Peligot, by fusing 1 part 
of crystallized starch' sugar by the heat of a water-bath, and 
then mixing the mass in small portions with concentrated sul- 
phuric acid. Tha compound is then dissolved in water, and 
saturated with carbonate of barytes, which precipitates sulphuric 
acid, while the sulphosaccharate of barytes remains in solution. 
The acid liberated 4nom combination is a sweet liquid, feebly 
acid, which forms soluble salts with almost all bases. The 
solution of sulphosaccharic acid is edsily decomposed by evapo- 
ration, and r^^solved into sugar and * shlphuric keid, which then 
precipitetes barytesu Its composition has not been determined 
with certainty. ^ • 

; Sacchulmine is a substance obtained in brown, brilliant, crys- 
talline plates, by boiling cane sugar for a very long time in very 
dilute sulphuric, hydrochloric or nitric acid ; it is insoluble in 
ammonial Sacchulmic acidy of which ’tlje formula is CgoHjgOis, 
according to Malaguti, is formed at the same time, arid many 
may be separated by ' ammonia, in which it is soluble, from 
sacc^j?lmine. ♦ 

, Glucic^ add is formed when a saturatjid solution of lime or 



SUGAR OF MILK. 


755 


barytes, in grape sugar, is left to itself for some weeks (Peligot). 
The probable formula of anhydrous glucic acid is C 24 ll 350 jr,, or 
it is formed from grape sugar by the loss of tlie eleiiitnts of 
water. Melassic acid is produced by the simultaneous action 
of alkalies and heat upon grape sugan! With the coiK'.urrcnce 
of air and a high temperature, alkalies convert sugar into formic 
and sacchulmic acids. 

SUGAR OF MILK OR LACTINK. 

• 

Its formula, in the crystallized state, is C 24 H 24 O 24 , or 
C24HijjOig4‘5HO; by a heat of 248^ ( 120 ^^ cent.) it loses 2 
atoms, and by 802® (150® cent.) 5 atoms gf water (Berzelius). 
Sugar of milk is obtained by evaporating the whey, of milk to 
crystallization, and purifying the first product by animal charcoal 
and a second crystallization. It forms whitfi quadrangular prisms, 
terminated by four-sided pyramids, Vhi<lli are semi-transparent, 
and have the density 1.543. They are soluble in 5 or G parts 
of cold water, and in 2\ parts of boiling water, without forming 
a syrup. The sweet taste of the crystals is very feeble when 
they are applied directly to the tongue, that of their solu- 
tion is much more distinct. Sugar of milk is unalterable in 
air, loses nothing at 212 ®, and is insoluble in alcohol and ether. 
Its solution dissolves hydrate of lime, aifd is converted by 
dilute mineral acids into grape sugar, assuming then the 
elements of 2 atoms of water. When milk is exposed to a 
temperature of 95® to 104® ^35®*to 40® efent.), it undergoes the 
vinous fermentation, and is found afterwards to contain alcohol, 
while its sugar disappears,, but the latter is converted first into 
grape sugar, pro\)ably under’the influence of {he free acid A^hicb 
is formed and curdles the milk. Milk sugar forms two com- 
pounds with oxide of lead, of which the formulm are C 24 Hi 90 i<, 
•f 6PbO, andC24Hi9Oi9+105bO (Berzelfus)., 

Mude add^ Ci 2 H^Oi 4 + 2 HO* (Berzelius, Malaguti), is pro- 
duced by the action of 4 parts of nitric acid, of dei^ty 1.42? 
diluted with I part of water, aided by heat, on 1 part of sugar 
of milk ; a portion of thedatter always passing at the same time 
into oxalic acid. It is Slso formed by the action of nitric acid 
on gum. Mucic acid is deposited on cooling, as a whifPnrys- 
talline powder, of which the taste* is feebly acid, 

2 n D 2 
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6 parts of boiling water, and insoluble in alcohol. It is a bibasic 
acid, of which the salts of an alkaline base are soluble in water, 
and those which contain an alkaline earth, or the oxide of a 
metal proper, are insoluble. Mucic ether + 
is solid and crystallizes in^uadrilateral colourless prisms. Modi- 
fied mucic acid is produced by boiling rt concentrated solution of 
mucic acid, or evaporating it by heat. Its acid powers are i 
more distinct than those of mucic acid, and it is also distin- 
guishable from the latter by the physical properties of its salts. 
The modified acid is either isoiperic with mucic acid, or con- 
tains the elements of an atom of water in addition (Malaguti). 
Pyromucic acid, CjoHgOj+HO, is produced in the dry distilla- 
tion of mucic acid, by the separation of 6 atoms of water, and 
2 atoms of carbonic acid ; 

C,2H80,4‘+2 HP=C,oH 305 and CHO and 200,. 

t 

It forms elongated, whfite and brilliant plates, which fuse at 
26‘6® (130^ cent.), and volatilise without residue at a tempe- 
rature a little higher. It is soluble in 36 parts of cold and in 4 
parts of boiling water, dissolves easily in alcohol, and is not 
altered by aitric a^d.^ It forms a class of monobasic salts, 
including pyromude ether Cj^IigOg, which is solid. 

Pyromucic ether absorbs 4 atoms of chlorine gas and becomes 
liquid, without the liberation of any hydrochloric acid, forming 
a compound, which Malaguti names chloropyromudc ether, 
Cj^HgCl^O^, but of which the true constitution is uncertain. 

MUSHROOM SU(£AR. 

ThJfe sugar, of which the formula? is C12H13O13, according to 
an analysis by MM.' Liebig and telouze, was obtained by M. 
Wiggers by treating the tincture of the ergot of rye by water. 

It crystallizes, and is Soluble in \yater and alcohol, but not in 
ether. Mushroom sugar is alSo fermentable by yeast, and 
diffuses odour of caramel when carbonised by a high tem- 
perature. , This sugar does not throw do^vn sub-oxide ofeopper 
from a boiling solution of the acetate, the only property by 
which this sugar is distinguished from fhe ordinary species. 
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INSIPID sugar; 

A species of sugapwas obtained by Thenard, from the tfritie of 
diabetes insipidus, and subsequently |by Bouchardat from the 
same source, which wasjnsipid, or ojAy faintly sweet. It was 
fermentable by yeast, and was con verted^by dilute sulphuric acid 
into the sugar of grapes.^^ 

LIOUORICE SUGAR. 

• 

The inspissated juice of the root of the Glycyrrhiza glabVa, 
contains a species of unfermentable sugar, which is obtained by 
clarifying the juice with albumen, and* precipitating the sugar 
with sulphuric acid, washing the precipitafe with water, dissolv- 
ing it in alcohol, wdiich |paves undissolved some iflbumeif, and 
then decomposing the sulphate of liqubyce'sugar by carbonate 
of potash. After evaporation, th« su^ar* remains as a yellow 
translucent mass, cracked in all directions, and easily ‘detached 
from the vessel in which it was evaporated. Liquorice sugar 
possesses the property of forming soluble or sparingly soluble 
compounds wuth both the mineral and veg^able acids. It also 
combines wuth bases, 

MANNA SUGAR, OR MANNHTE. . 

according to the analyses of Oppermann and uf 
Liebig. Manna is in oblong g\pbules of passes, of a yellowish 
white colour, and is an exudation from various trees, principally 
the Fraxinus ornus, a spe<|ies of ash, and the Eucalyptus manni- 
fera of New South Walee.* It exists also in tjie juices exuded by 
many cherry and plum trees^ in various kinds of muj^hrooms, 
and in some roots, such as. that of celery. It is composed 
chiefly of manna sugar, which niay be prepared by dissolving the 
manna of the shops in boiling qlcohol, and aflowing the solution 
to cool, and is obtained perfectly pure by repeated crystallisa- 
tions. Mannite crystallizes in slender, colourl(i!ss,--four-*^ided 
prisms, of a silky lusfre. It has a slightly sweet taste, and is 
very soluble in water ; ifs solution is notVermentable. Mannite 
is anhydrous, and may be fused by heat withput loss o^^ight. 

i 

♦ 'nienard, Traits de Cliimie, IV. ;i51. 
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Its solution dissolves oxide of lead. Nitric acid converts man- 
nite into oxalic and saccharic aeids^ and not into mucic acid. 

Mat;nite is also one of the* products • of the viscous fer- 
mentation of C(ine and , grape sugar, which will be afterwards 
described. 


faUM. 

Its formula is CjgHiiOjJ ; it loses an atom of water at 266^ 
(130^^ cent.), but is then essentially altered. Gum is a principle 
4f*constant occurrence in the juices of plants, and exuding from 
the bark of trees, collects into drops, which are distinguishable 
from resin by being soluble in water and insoluble in alcohol. 
All the varieties of gUm may be referred to two species, of which 
gum-arabic (the produce of tile acacia vera), and gum-tragacanth 
are the types. The first is slowly soluble in cold water, the last 
does not dissolve in water^ but swells up into a mucilaginous 
mass, which, when boifed, gradually acquires the appearance of 
ordinary gum. The solution of gum, known as mucilage, is a 
thick, adhesive, insipid liquid, from which the gum is thrown 
down by alcohol, ^um is precipitated by sub-acetate of lead, 
as a white ‘mass, insoluble in water. It is destroyed by the 
strong acids ; nitric acid converts it into mucic acid. 

LIGNIN. 

The formula of lignin, dried between 300*^ and 350® is 
(Prout). The basis* 6f woody fibre is aptly so named. It 
constitutes about 95 per cent of baked wood, and is the most 
durable product* of vegetation. Puye lignin is obtained by 
treatifig the sawings of wood, papcfr, or the fibre of lint and 
cotton, successively 'with ether, alcohol, water, a diluted acid, 
and a diluted caustic alkali, to«dissolve all the matters soluble 
in these menstruq[. Wood contains in its vessels the various 
constituents of the sap, of which* the colouripg principle attaches 
itsel^to t^e lignin on evaporation, by a chemical affinity, such 
as we avail ourselves of in dyeing vegetable fibre. It has been 
observed by Hartig that the pores of wood also contain a cer- 
tain quantity of starch, in spherical grains of a grey colour, 
of whVh from onc-fourth to one-fifth of the weight of the wood 
may be obtained by mechanical means. The tgnin of wood consists 
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according to M. Payen, of two organic principles, which he 
has succeeded in separating ; one is the primitive tissue, com- 
posing the vessels of the wood^ which is isomeric with t^tarcli, 
^12010^105 ^^^d is named by him cellulose ; the other fills the 
cells, and constitutes tlje true lign^bus matter. M. Paycn 
obtained cellulose by the action on the sawings of beech-wood 
of several times its weight of the raost-concentrated nitric acid, 
which leaves that principle, while it •dissolves the lignin. Cel- 
lulose is dissolved by concentrated sulphuric acid, without 
blackening, and is then convertdd into dextrin. The true lignir^ 
of lint, hemp, straw, and linen cloth, was found by Payen to be 
Oak-wood, by the analysis of Gay-Lussac and 
Thenard, is C 36 H 22022 - Hemp, straw, etc. mixed cautiously 
with concentrated sulphuric acid, *80 as to prevent rfilevatign of 
temperature, form, besides dextrine, » ligum-sulphuric acid, 
analogous to benzo-sulphuric acid, which^ forms soluble salts 
with barytes and oxide of lead. ’’Thrf dextrin formed when 
lignin is dissolved in sulphuric acid, is converted by dilution 
and boiling, into starch sugar. Sawdust, gum and starch dis- 
solve in the most highly concentrated nitric acid (page 295 ), 
Muthout decomposition of the acid, and if^mrneditrtely diluted 
with water, give a white pulverulent neutral substande, insoluble 
in water, which contains the elements of nitric acid and is 
highly combustible (Robiquet). * 

Lignin combines with several neutral salts, such as chloride 
of mercury, sulphate of copper, and acetate of iron, wdth all of 
which, particularly the first, wood is impregnated, in order to 
preserve it from dry species of decay to which wood is 

subject. The vood losi^ .all its cohesion, ancf becomes friable 
when affected by dry rot, ami fungi generally appear upon it, 
but the first destructive change is probably of a chefmical kind 
allied to the action of fermentation. Dr. Boucherie has found 
that wood may be completely charged with •solutions of salts 
for its preservation, •by aspiration from the roots or base of tlje 
trunk of the tree, shortly after it is cut down, and has umlemeMy 
other new obsejrvationS on the subject.* 

Suberic add^ HO^-CoHgOg, is formed* among other products 
by the action of moderately concentrated nitric acid, witli jieat, 
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upon barks, but more particularly cork. It is produced, like- 
wise, from stearic and oleic acids in the same manner. Suberic 
acid ii deposited from a saturated hot solution in water, as a 
white earthy powder, slijjhtly sour, which is fusible and distils 
over like an oil, fixes on 'pooling, and is crystalline. It is solu- 
ble in alcohol and ether. 


SEtlTION JL 

PRODUCTS OF THE FERMENTATION OF SUGAR. 

ETHYL SERIES OP COMPOUNDS. 

Ethyl, 04115— E, a hypothetical radical, existing in ether and 
its cf^mpouilds ; ether being the oxid^ of ethyl, and alcohol the 
hydrated oxide ot ethyl! Ethyl has not been isolated. 

HVDRAtED OXIDE OF ETHYL, OR ALCOHOL. 

Its formula is C4H504-HO=EO-hHO. Alcohol can be 
obtaiined only in one way, namely by the fermentation of sugar, 
and perhap.11 imm^iately from grape or starch sugar only. 
This fermefiitation is determined by the addition of yeast to a 
solution of sugar kept between 70® and 80®, when a new dis- 
tribution of the elements of the latter takes place, so as to form 
alcohol and carbonic acid ; one atom of starch sugar ^12^12^ 
being converted into two atoins of alcohol 2 (041150 + 110), 
and four atoms of carbonic acid 4CO2. 

4 

Two atoins of alcohol . . Cg O4 

FouV atoiiis of carbonic acid C4 ' Og 

(3ne atom of starch sugar . C12 O12 

The juices of all plants which naturally contain sugar, possess, 
likewise, a substance which by exposure tc air, becomes a fer- 
mpnt aniiU'onverts their sugar into alcohol and carbonic acid. 
Hence all saccharine vegetable juices, sudi as that of the grape, 
of sugar-cane, and of ^eet-root, run (jJuicKly into fermentation 
after^xpression. ^ 

AlcSiiol is obtained by distillation from all liquids which have 
undei’gone the vinous fermentation, but ^diluted with a large 
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quantity of water. The density of the distilled liquid dimi- 
nishes wdth the proportion of alcohol, and tables havj been 
constructed by wdiiclJ from its density the per-centage of alcohol 
in the liquid may be ascertained, brdinarjf spirits have a 
specific gravity from 0.910 to 0.91 5 which corresponds with 
from 50 to 52 per cent, of alcohol., The*same distilled afford a 
spirit of density from 0.890 to 0.880, at 60^, kiiowm as spirits 
o/wme^ containing from 62 to 67 pet cent of alcohol; which 
again may be brought, by a second distillation, to from 0.843 
to 0.835, known as rectified spirits^ and these contain from* 
82 to 85 per cent, of alcohol.* To obtain alcohol free from 
water, or absolute alcohol^ rectified spirits may be poured into 
a retort over their weight of anhydrous Iftne, in fine powder, 
either fresh quick-lime finely pulverised, or better lifee thaff has 
been slaked and after wareJs heated recenW^ to Iredness, allowed 
to digest together for twenty-four Ijours, and the spirit after- 
w ards slowly distilled by the heat of a water-bath. It then has 
a specific gravity of 0.794? at 59^ (15*^ cent.), and from 0.792 to 
0.791 at 08^' (20^ cent.). The proof spirits of the expise, upon 
which the duty per gallon is levied in this c^mitry, is of density 
0.918638 ; and by the expression that a Spirit is any number, 
say ten^ over proof is meant that 100 gallons of the spirit would 
stand the addition of ten gallons of water tq reduce it to proof 
strength, or it would form 1 10 gallons of proof spirit ; while ten 
under proof means that ten gallons of water must be taken fr^wn 
100 gallons of the spirit to raise it to propf, or that 100 gallons 
of it contain only 90 gallons of proof spirit. The proof 
spirit of the pharmacopeia tenuior) is c^rected to be of 

sp, gr. 0.930. When obtained from grain, alcohok always pon-' 
tains a small quantity of a particular oil, froya which it is most 
easily purified on the small scale by distilling it from caustic 
potash, or filtering it, when in a*large quantity, through a bed 
of recently prepared wood chaw;ogil, roughly polmded. 

Alcohol has never* l)een frozen. By evaporating the com-^ 
pound of solid carbonic acid and ether, in the vacuum tTfSn air- 
pump, Dr. Mitchell has* produced the greatest depression of 
temperature hitherto attaiped. Alcohol o£ specific gravity 0.798, ‘ 
was observed by him to become oily and adhesive at-^I \ 

* Table of the Densfty of Alcohol, by M. Lowitz, see Xppeudix,^ 
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by a greater cold it became still thicker, and at— 146® flowed 
like melted wax. Alcohol of 0.820 froze easily ; ether under- 
went no change by the lowest of these teiril>eratures.* 

Alcohol boilsf at 173®t;(barometer 29.5 inches), and at higher 
temperatures, in proportion as it is diluted with water. It is 
remarkable, however, Criat the boiling point of a mixture of alco- 
hol and water rises with the quantity of water to a certain point ; 
alcohol of 96 to 99 per cent boiling at a somewhat lower tempe- 
rature than absolute alcohol. In consequence of this, alcohol of 
•Jfeirsity 0.800 is increased in strength by boiling it : and hence 
also, in the preparation of absolute alcohol, the first portions 
contain always a little more wa^er than those which follow. Alco- 
hol has an agreeablvi penetrating odour, and is the intoxicating 
principle of all spirituous liquors. The density of its vapour, 
according to GAy-Lusfeac, is 1613, referred to air as 1000; it 
contains eight volumes of carbon vapour, twelve volumes of 
hydrogen, and two volumes of oxygen condensed into four 
volumes, its combining measure, which gives the theoretical 
density 1601. Alcohol is highly combustible, and burns with 
a flame that is i^arly colourless and free from smoke; the 
only products of its perfect combustion are water and carbonic 
acid. 

Alcohol has a great attraction for water, which when anhy- 
drous, alcohol attracts rapidly from the air. It also withdraws 
wuter from animal substances, and thus preserves them. When 
mixed with water, a.v^ery sensible evolution of heat occurs, and 
always a diminution of bulk and increase of density, when 
water and absolute alcohol are ipixed in any proportions, 
although oiu. addijig water to alcohol, already, considerably di- 
luted, ,an apparent expansion m^iy be observed. The greatest 
contraction occurs on mixing 1 atom of alcohol with 6 atoms of 
water, when a definite hydrate is certainly formed ; 100 volumes 
of this mixture contain 53.939 volumes of alcohol, and 49.836 
i^olumes of water; consequently, 103.775^ volumes are reduced 
tvi^i 0 £> 7 ^ts density is 0.927 at 59®.t 

Alcohol dissolves most of the gases, *and several of them in a 


* Annalgn, toI. 37, p. 354 ; from Silliman’s American Journal of 

'kddberg, Annalca de Chim. etc. xlviii, 33, 
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larger proportion than water, such as oxygen, nitrous oxide, 
carbonic acid, and phosphuretted hydrogen. It dissolves the 
hydrates of potash and soda, anfnionia, the alkaline sulphurets, 
likewise all the deliquescent inorganic s|lts, except carl)onate of 
potash, but none of the sgilts which ace insoluble or sparingly 
soluble in water, nor efldorescent, salts.** It dissolves many 
vegetable principles, such as sugar, resins, essential oils, soap, 
castor oil, ethers, alkalies, most acids, ^c. It does not dissolve 
the fats and fixed oils. Alcohql forms crystalline compounds 
with several of the salts it dissolves, particularly chloride* <5f* 
calcium, (CaCl-}- 2 C 4 H( 502 ), nitrates of lime and magnesia, chlo- 
ride of zinc, and chloride of manganese. These compounds are 
named alcoates^ and correspond with hydrates, but are much 
less stable. Many solutions made*by alcohol, or /«Vft'/wm,*are 
used in medicine. 

Absolute alcohol dissolves 1 -240th of phosphorus, and 1 -200th 
of sulphur. It is decomposed by potassium *or sodiuiA, with 
the evolution of hydrogen gas, and a crystallizable compound is 
formed of the remaining elements of the alcohol with the metal, 
or perhaps of ether with the oxide of the met^d. This substance 
is decomposed by water. Oxygen acids decompose &lcohol, as 
they do a hydrated metallic oxide, uniting directly with the 
ether it contains, and forming acid salts of ^hat base ; while a 
hydracid acts upon the ether of the alcohol as it does upon a 
metallic oxide, forming water, and a haloid compound of the 
radical of the hydracid with ethyl. ^ 

OXIDE oi*WHYL, OR ETHER. ^ 

■ • • t * w I 

Formula : C 4 H 50 =E 0 ; distinguished also as sulphuric (;thc7', 
from the mode of preparing it. This liquid is the product of 
a remarkable decomposition of alcbhol by sulphuric, phosphoric 
and arsenic acids, and is also formed by the action upon alcohol 
of the fluoride of boron, the chloride of zinc, the chloride of tin, « 
and some other chlorides. All these agents have a gi;eaW8f51fy* 
for water, and might be l^upposed to convert alcohol into ether 
by simply combining with ’the water which the. former is sup- 
posed to contain, but the ^close examination which the process 
of etherification has received fi^om jhemists, ptoves 
rationale is by no mcaiil so simple. Reserving the theorwf* 



7«4 


ETHYL. 


ether till that of sulpho-vinic acid is considered, I shall at present 
descijbe the process for ether. ^ 

Ether is evolved when alcohol and oil of vitriol are heated 
together, and may be obtained by mixing and distilling in a glass 
retort equal weights of tfnese materials, due attention being paid 
to the condensation of .the <pfoduct, which is volatile, by keep- 
ing the receiver very cold. But as the power of the acid to 
decompose alcohol is not exhausted in this process, it is found 
advantageous to make additipns of alcohol to the remaining 
acicl, or to introduce the latter in a continued stream. The 
following is a continuous process for ether, first proposed by M. 
Mitscherlich, as it is given by M. Liebig. Alcohol is employed 
of density 0.822, or of 90 per cent, which may be obtained by 
digfjsting proof spirits upon an equ?l weight of well dried car- 
bonate of potaslli '(fr^e* from caustic potash), when two liquids 
are formed, the upper ^alcohol of the strength mentioned, which 
may be drawn off for use, and the lower, a solution of carbonate 
of potash in water. Five parts, by weight, of this alcohol arc 
mixed with nine parts of oil of vitriol, in a copper or, cast iron 
vessel, surroundedy^ by cold water, and the mixture afterwards 
introduce^ into a tubulated glass retort, which the mixture 
should .fill one half, or even a little more. The distillation is 
best conducted bf the heat of a sand-pot, in which the retort 
should not be deeply sunk, and commences at a gentle heat ; 
w^ien the temperature increases too briskly, the fire should be 
withdrawn. A glass* tube is 6xed by a cork in the tubulure of 
the retort, of which the extremity wifhin the retort is drawn out 
into a point, having an opening abdkit one line in diameter, and 
dips one indh iif the liquid. Without the retort, the same tube 
is bent at a right angle, and may extend horizontally for two or 
three feet ; it communicates with a reservoir of alcohol by means 
of a metallic tube and stop- cock, by which the flow of the alco- 
hol is regulated. The latter* should be supplied so as to keep 
the liquid in the retort at its original level, at which a mark 
sEoifiK^e •placed for that purpose. ^To condense the ether 

which distils over, the beak of the retort is connected witii 

# * 

Liebig’s tube condenser, charged with the coldest water. A 
le^lKJan aletnbin is used when ether is prepared on a large 
is said that when operation well directed, nothing 
kjdrmed but ether and water j the same sulphuric acid may 
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also be used indefinitely for the preparation of ether witli- 
out sensibly diminishing, the ether and w^atcr into whicli the 
alcohol is resolved, coining oflF entirely, and leaving none of its 
elements with the acid. i 

To obtain the ether perfectly free from alcohol and other im- 
purities, the crude product may be mixatl with some milk of 
lime and an equal volume of water, 'the fighter liquid drawn off, 
and allowed to digest for several days x\pon chloride of calcium, 
or quicklime ; and finally be rectified from the same substances. 
The last product has a specific gra«rity between 0.720 an(l0.7‘i5* i 
Ether is a light, transparent, highly limpid, fragrant and vola- 
tile liquid, having a sharp aromatic taste, and which when 
swallowed or inhaled in the form of vapour^ acts as a powerful 
stimulant. Its density is 0.715 at *68”, and 0.724 gt 54®, by 
Gay-Lussac^s observations. *It boils between 96®, and 98® (26^5 
cent. Gay-Lussac) ; evaporates rapidly at ordinary temperatures, 
and produces great cold by its evapefrati^n. * It is very com- 
bustible, and a mixture of its vapour with air or oxygen is 
explosive in a high degree ; hence it must always be distilled 
with caution. Ether, unlike alcohol, burns with a white flame ; 
it is converted into water and carbonic acii.^ Wheg a spiral 
coil of platinum wire, heated red-hot, is suspended in the vapour 
of ether, the latter burns without flame, and produces a very 
acrid vapour, which when condensed has beeif found to contain 
acetic, formic and aldehydic acids. When transmitted through 
a red hot tube, ether is decomposed into aldehyde, olefiant gas, 
and the gas of marshes. * * * 

Ether mixes with alcohol in all proportions, but may be sepa- 
rated completely from the latter by agitation witlf twice its bulk 
of water, which talkes up tlie dcohol while the ether lloats on* its 
surface. One part of ether dissolves in 10 parts of water, while 
36 parts of ether dissolve 1 of water. Its solvent powers are 
much less extensive than those of alcohftl. ^ther dissolves 
l-80th of sulphur, and^l-37th of phosphorus, and also iodine and ^ 
bromine in large quaiftity, but is soon decomposed by 
dissolves also a considerable number of chlorides, such as that 
of mercury, of zinc, and .gold. Ether dissolves also several 
organic acids, such as thb acetic, gallic* benzoic, oleic and 
stearic acids, also the essential oils, fats, wax, ancl certain 
Certain vegetable baserf are also soluble in ether, while 
are not. 
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The vapour of ether is very heavy, its density being 2586 
(Gay-Lussac); it contains 8 volumes of carbon vapour, 10 
voluifies of hydrogen, and 1 voltime of oxygen, condensed into 
2 volumes, which forn:| its combining measure, and give as its 
theoretical density 2583. ^ 

Ether left a long tflne in ^contact with water, combines with 
it and forms alcohol. It combines with acids, and forms both* 
neutral and acid salts ; the first class of salts are the compound 
ethers, and the last bear the name of viiiic acids. 


CHLORIDE OF ETHYL, OR HYDROCLORIC ETHER. 

Its formula is C4H5CI—ECI. To prepare this ether, alcohol 
is saturated witli hydrochloric acid gas, and the solution distilled 
by a water-bath heat; the product is conducted into a bottle 
containing some water and surrounded by water at the tempe- 
rature of 70° or 80^, and thence into another receiver surrounded 
by ice. To free it from water and alcohol, the product is di- 
gested with chloride of calcium in a bottle surrounded by ice. 
The liquid is decVited, after twenty-four hours, into phials, 
with well ground stoppers, which are kept inverted. 

Hydrochloric ether is a highly volatile liquid, boiling at 52^’, 
of a penetrating Aromatic and slightly alliaceous odour. Its 
density is 0,874 at 41”, it is neutral to test paper, dissolves in 
twenty- four parts of water, and gives a solution that is not pre- 
cipitated by nitrate oi* silver. ” When treated with chlorine, it 
gives hydrochloric acid, and a series of compounds to which 
reference has already been made (pa’^e 718). 

Bromide ethyl^ C4H5Br=EBr, was discovered by Serullas, 
and is ‘formed by distilling a miiiture of 1 part of bromine, 4 of 
alcohol, and 1 -8th of phosphorus. It is a colourless and very 
volatile liquid, denser than water. 

Iodide of ethyl^ C4H5I—EI, may be pbtained by distilling 
^saturated with hydriodic acid gas* It is a colourless 
liquiS^ of de*nsity 1.9206, which boils at 161”. (7l”. 5 cent.) 

Sulphuret of ethy\ C4H5S—ES, is formed by transmitting 
the vapour of hydrochloric ether through the proto-sulphuret of 
pot-ssijum ; chlpnde of potassium precipitates, the sulphuret of 
‘dissolved by the fiquid, or distils over if the latter is 
kfepl warm. It is a colourless liquid, of a disagreeable allia- 
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ceous odour, boiling at 163^.4 (73® cent), and of wliich the 
density is 0.825 at GS®.* 

HYDROSULPHURET OF THE SULPHURET OF ETHYL, OR MERCAPTAN. 

Its formula is C^H^S^HS^ES-hnS ; or it is alcohol of 
which the oxygen is replaced by sulphur. This curious com- 
pound, of which we owe the discovery to Zeise, may be pre- 
pared like the preceding compound, by transmitting the vapour 
of hydrochloric ether through a strong solution of potash, pre- 
viously saturated with sulphuretted hydrogen gas, or hydr»- 
sulphuret of sulphuret of potassium, KS + HS ; but a preferable 
process is to distil a strong solution of the sulphate of oxide of 
ethyl and lime, of density 1.28, mixed with a solution of potash 
of the same density, previously Saturated with sulphuretted 
hydrogen gas. 

KS, SII and (E0 + Ca 0 + 2 SO 3 )=Efi 4 -H&andK 0 +S 03 and 

CaO + SOg. 

The product must be received in a cool receiver. It contains 
an excesa of sulphuretted hydrogen, alcoho^ and water, from 
which it may be purified by submitting it 4o a secomd distilla- 
tion from a small quantity of red oxide of mercury, and digesting 
it afterwards with chloride of calcium. 

Mercaptan is a colourless liquid, highly fluid like ether, 
having a most penetrating and insupportable garlic odour ; its 
boiling point is about 100°, according to my own observation, 
and the density is said to be 0.ll35 at fo'^, and 0.842 at 59°. 
It is miscible with alcohol and ether, but not with water, in 
which it is very slightly solyble. The sulphuretted hydrogen of 
mercaptan acts powerfully "on metallic oxi<^es, water b'feing 
formed, tod a sulphuret of the metal, wbith last remains in 
combination with the sulphuret of ethyl, thus forming a class 
of sulphur salts. The oxide of mercury i§ inj^tantly converted 
by mercaptan into a epmpound of this class, C 4 H 5 S + HgS,t the^ 
mercaptide of mercury^ which is a white crystalline 
to the touch, without od«ur, insoluble in water, and* fusible like 
wax by 185° (85° cent.)* This mercaptide, when distilled, 
leaves cinnabar, and afforeft a volatile liquid, which has not bqen 

♦ Regnault, An. de Ch. etc. texi, 387, 
t Hence the name mercaptan, from mth'urium enptans. 
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examined. The oxide of gold is also strongly acted on by mer- 
captan, but other metallic oxides are less affected in proportion 
as they approach to alkaline bases. Tims the hydrates of potash 
and soda have ijo sensible action on mercaptan. 

By contact with nitrf^ acid, mercaptan is converted, by a 
gentle heat, into a new^ acid, which contains sulphuret of ethyl 
and the elements of* sulphuric acid, C4H5S2O2. (Loewig, 
Kopp). c. 

Bisulphuret of ethyls C4H5S2=ES2, is a transparent oily 
iHqujd, boiling at 128 . 8 ^* ( 51 *^ cent.), obtained by distilling a mix- 
ture of the double sulphate of ethyl and potash and the persul- 
phuret of potassium. It is decomposed by caustic potash and 
by nitric acid (ZeisCi^ Pyrame Morin). 

Seleniurt^t of ethyl according to Lccwig, in the 
same way as thersulphnret, substituting in the process seleniaret 
of potassium for the Sulphuret of potassium. 

Tflluret of ethyls obkiine*d also by a similar process, using the 
telluret of pot^sium ; a very volatile liquid, of a deep orange 
colour (Woehler). 

Cyanide of ethyl^ hydrocyanic ether ^ C4H5 4-NC2=iECy, ob- 
tained by Pelouze by exposing a dry mixture of sulphate of 
ethyl and potash to a gentle heat, which is gradually increased. 
It is a colourless liquid, with an insupportable odour of garlic, 
boiling at 179 . 6 ® ^ 32 ® cent.), and of which the density is 0.7. 
Sulphocyanide of ethyl has also been formed by distilling a mix- 
ture of sulphocyanide of potassium, alcohol and sulphuric acid. 
It is an oily, very dense liquid. 


SALTS 0^^ OXIDE OF ETHYL, (!>R SALTS OF ETHER. 

- t • . , • 

Ether does not combine directly ^ith acids, but these salts are 
obtained by the acfion of acids upon alcohol (hydrate of ether). 
The neutral salts of ether are distinguished from inorganic salts 
by the circumstance that neither ^:he acid nor oxide of ethyl can 
l^e replacid by double decomposition, at the ordinary tempera- 
tWfCj^jjWinother acid or base, when the salt of it is mixed with 
another salt; the alcoholic solution" of tph'e oxalate of ether, for 
instance, not being precipitated by an«^alcoholic solution of chlo- 
ride of calcium. These salts are decomposed by the alkaline 


particularly when assisted by heat, their base atlacli- 
to the water of the alkaline hyd(»ate, and coming off as 
ai^iolj while their acid unites with the alkali. Several of these 
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neutrjal salts are only partially decomposed by alkalies and me- 
tallic oxides, a neutral double salt bein" formed, in which the 
acid is united with eqpal propoi^tions of oxide of ethyl and me- 
tallic oxide. The latter can again be removed^ by a stronger 
acid for which it has affinity, and theii an acid doul)le salt is 
formed, in which the ethyl is combined^with a salt of watt'.r. 
The metallic o^^ide of the neutral double salts can also 1)e 
replaced by another metallic oxide, buj the acid of the dou1)le 
salt is not aflected by its usual precipitants, the sulpluite of 
ethyl and potash, for instance, not being precipitated by chlo- 
ride of barium. 

The acid salts of oxide of ethyl are not cry stall izable, a con- 
centrated solution has a certain degree of stability, and may be 
lieated to 212^, but a dilute solution, decomposes spontaneously 
at the temperature of the tfiir, and more^ rapidly when heafed, 
with the formation of alcohol and a hydrate»of the acid. Some 
of them, of which the hydrate is but slightly volatile, such as 
the acid sulphate of ether, are decomposed at a higher tempe- 
rature into ether which escapes and acid which remains in the 
state of hydrate. 

The neutral salts of ethyl are generally de/ived froiji the acid 
sulphate of ethyl. When to a highly concentrated S 4 )luti()n of 
the latter, solutions of other acids are added, it usually happens 
that the latter assume the oxide of ethyl to form neutral salts, 
and leave behind the hydrate of sulpliuric acid; the mucate, 
oleate and stearate of ethyl are formed in this way. Or whhx 
to a similar solution of the acid sulphate of ethyl salts are added, 
of which the acids are volatile and form volatile compounds 
with oxide of ethyl, the su^huric acid unites with the base of 
the other salt, wTiile the Volatile acid combiftes vfith oxide of 
ethyl, and distils over with the latter, 

i 

ACID SULPHATE OF OXIDE OF ETHYL, OR gULPHATE OF OXIDE 
OF ETHYL AND WATER. 

Syn. Etherosulphuric acid, sulphethylic acid (Mitsdierj^^Jj^ 
sulphovinic acid\ EO,SQ 3 4 HO,S 03 . 

The neutral sulphate of ^thyl has not yet^been formed. 

The acid sulphate of ethyl may be forfned directly by trans- 
mitting the vapour of ether through the hydritje of sidjpln^. 
acid so long as it is dissolved. Oft afterwards dilutii^S^v^ 
^ 2 E E 
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liquid with water, part of the ether separates in a free state, and 
part remains in combin^ation with the acid. 

Thfi same compound, howeveg*, is obtained from the action of 
sulphuric acid on alcohol, a chemical action which cannot yet be 
said to be fully explained, although it has been the subject of 
much research. Thei^e are two steps'in this action : 1 . the pro- 
duction of sulphovinic acid, ‘and 2. the liberatioli of ether. 

1. Formation of snlphqvinic acid . — Equal weights of strong 
alcohol and oil of vitriol heated together to the boiling point 
^oi the mixture, and saturated«at that temperature with milk of 
lime, give the sulphovinate of lime, or sulphate of ethyl and 
lime, which is soluble and may be separated by filtration 
from a considerable quantity of insoluble sulphate of lime, 
which is always formed at the same time. It is observed 
tha^t the cooling and the dilution of the pnixture of alcohol and 
sulphuric acid, befoi>c saturation, diminishes the proportion of 
sulphovinic acid, of ofasulphovinate of lime formed, by causing a 
reproduction of alcohol. Even when the sulphuric acid is in 
great excess, a considerable proportion of alcohol, often nearly 
the half of it, escapes decomposition, or is not found in the sul- 
phovinic qcid whe'u,neutralised. That the whole alcohol, how- 
ever, is at,first converted into sulphovinic acid appears from the 
circumstance that the mixture is hot decomposed by a current 
of dry chlorine, no hydrochloric being formed, a property of 
sulphovinates, which undergo no modification by the action of 
chlorine, while free alcohol is immediately decomposed into hydro- 
chloric acid and othei chloruifetted'products. A mixture of 100 
parts of oil of vitriol, 48 parts of alcohol, and 18.5 parts of water, 
which contains the elements of 2^atoms of sulphuric acid, I 
atom of eth^r, and 6* atoms of water, boils at 284^ (140® cent.), 
and fe not affected by chlorine ; it may be represented as 
(EO,SO3-fHO,SO3) + 5H0. . 

The protohydrate of sulphuric acid, diluted with 55 per cent, 
of water, or H 0 ,S 03 -f 3HO, does not decompose alcohol at the 
hr^ary temperature, but the reaction occurs when the mixture 
isboiled. 

It is observed by gMitscherlich thjsit in the formation of sul- 
phovinic acid, there ik only a feeble disengagement of heat. If 
t^w^parts of^&lcohol, one part of sulphuric acid and then one 
water be added, thb temperaturq^of the mixture rises to 
( 70 ® cent.) ; about half of the alcohol being converted into 
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sulphovinic acid. While if to one part of sulphuric acid, one 
part of water be first added, and then two parts of alcohol, the 
temperature rises to ^154.4” (§6° cent.;, or nearly as , high, 
although in the last case no sulphovinio acid is formed. Con- 
sequently the heat evolved when sulilhuric acid unites with 
oxide of ethyl is scarcely superior to* tJi|it liberated wdien the 
protohydrate of sulphuric acid unites with more water.^' 

2. Formation of ether , — A mixture of 9 parts of hydrated sul- 
phuric acid and 5 parts of alcohol of 85 per cent which is heated 
to the boiling point for ether, contains the elements exactly qf^ 
1 atom of the acid sulphate of ether, and 3 atoms of water, or 
(E 0 ,S 03 -f-H 0 ,S 03 )-f 3HO. When this mixture is heated 
above 284®, the acid, sulphate of oxide of ethyl is decomposed 
into ether and water, which distil oyer very nearly if not exactly 
in the proportions in which they exist in^ alcohpl. llie esdape 
of ether from this mixture is not promoted by the addition of 
strong sulphuric acid to it, but, on the contrary, retarded, and 
then requires a higher temperature. On the other hand, more 
alcohol added to the mixture distils off undecomposed in the 
anhydrous state. The water present in the ether mixture is ne- 
cessary, and must act as a stronger base, displacing t];]ie oxide of 
ethyl in combination with the acid, and liberating ^t as ether 
(page 188). Water may even displace so strong a base as am- 
monia, when assisted by the volatility of thd datter ; a solution 
of the neutral sulphate of ammonia becoming acid when boiled 
for some time, frpm the escape of ammonia (Rose). The addi- 
tion, however, of more water to %he ether mixture above, so as 
to lower its boiling point below 258.8® (126® cent), occasions 
the destruction of the sulf^hovinic acid, and then nothing but 
alcohol distils oVer. 

It was observed by Rose that ether begins to be slowly evolved 
from the ether mixture, at a temperature scarcely amounting to 
212®; the ether is nearly pure, the water of the alcohol being 
retained at that temperature 'by the sulphuric acid.J Liebig 
finds that on directing a current of dry air through 
mixture heated to 284®,^ the* point of ebullition fal!s lb[i2^.2® 
(134® cent.;, and on examining what was/jarried away by the 

• • . 

• Lln«titut, No. 390, page 206 j 17 Juio, 1841 ; where et|jeri6cAtion and Uher 
theoretical questions are discussed by M. Mitscherlich. • 

I H. Rose on £therificatio|, ll'aylor's Scienlifec Memoirs, vol. ii. 

2 £ £ 2 
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air, it was found to be nothing but alcohol.* The evolution of 
ether does not indeed ^proceed well, unless with a regular ebul- 
lition^of the liquid. 

When the ether mix^re contains a great excess of sulphuric 
acid, the decoihpositioii(i of the sulphate of oxide of ethyl does 
not take place till th^ temperature Tises to 820” (160” cent,), 
and then a variety of pr^oducts are evolved, whicli Liebig refers 
to the re-action of the elements of sulphuric acid themselves 
upon oxide of ethyl. He supposes the elements of 1 atom of 
the acid sulphate of oxide of ^thyl to divide themselves in the 
fbUbwirig manner : 

2 eq. of sulphurous acid . . . . Sg O4 

1 eq. of olefiant gas . . . . ^ C^IIa 

3 eq. of water . II3O3 

2 eq. of carbon, as residue ,, . . Cg 

. SAH5O, 

This appears to represent pretty well the decomposition I)y 
which olefiant gas is usually obtained (page 426) ; but that gas 
may be obtained, according to Mitscherlich, accompanied by 
nothing but water^ when sulphuric acid is diluted with water so 
as to boil* at 320”, and the vapour of alcohol containing 20 per 
cent of water (density 0.844) is sent through it. After a part 
of the water is expelled by the heat, bubbles of olefiant gas 
appear in all parts of the liquid. The gas is accompanied by 
v^y little ether, and by almost no acid body ; and the liquid, 
even after it has produced a qi;ibic foot of olefiant gas remains 
colourless, without any deposit of carbon. The other substances 
obtained in the ordinary preparatioij/ of olefiant gas, Mitscher- 
lich considers as^ secondary products, which only begin to be 
formed when with^ alcohol of 8(] per cent a temperature is em- 
ployed of 338” (17b” cent.). 

In the ordinary decomposition of alcohol for olefiant gas, 
there is also formed a small quantity of the double sulphate of 
oxide of ethyl and etherole (oil of wine). The carbonaceous 
,3 also been shown not to be pure carbon, but a com- 
pound'substance, and named Thiomeianic add by Erdman. Its 
composition in its pfcftash salt is CS0H24S3O20 + 2KO. 

The solution pf the acid sulphate of oxide of ethyl is a liquid 
^.^^vy sour taste ^ wheij diluted it cannot be concentrated by 

* Traits de Chimie Organique, tome i,page 334. 
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evaporation at any temperature without decomposition. It is 
obtained in a state of perfect purity by Ij^eating slightly the sul- 
phate of ethyl and etherole im contact with 4 parts of water; 
the etherole (light oil of wine) separates hnd comps to the sur- 
face, while the acid sulphate of ethyl di^jreolves in the water. It 
forms a great number of double salts with bases, wliich to 2 
atoms of sulphuric acid contain atora of oxide of ethyl, and 
I atom of the base added. They are ^soluble in water, and in 
alcohol which is not stnhydrous ; thpir sulphuric acid cannot be 
detected by the usual re-agents, ’but on boiling their solutiop. 
with a few drops of hydrochloric acid, alcohol is disengaged, and 
thereafter the presence of sulphuric acid can easily be detected 
in the residue. They are not decompose, d by a current of 
gaseous chlorine ; the potash and »soda salts are got decom- 
posed when boiled wdth • an excess of, these, alkalies ; the 
barytic salt distilled with sulphuric acid containing 4 atoms of 
water gives a mixture of ether and alcolwl ;* concentrated solu- 
tions of all of them are gradually decomposed by ebullition, 
When a sulphovinate is submitted to dry distillation with hy- 
drate of lime or barytes, it is converted into^a neutral sulphate 
and alcohol. 

The sulphoyinate of potash is the only anhydrous salt, ail the 
others contain water of crystallization, 'which they generally lose 
when dried in vacuo at the ordinary ternperatlire. The salts of 
potash, soda, and ammonia are prepared by precipitating the 
double sulphate of ethyl and lime or the salt ot barytJis, 
by the alkaline carbonates ; tlie doubfe * sulphate of etliyl 
and magnesia or manganese, by decomposing the double 
sulphate of eth^l and bqrytes, by means df soluble sul- 
phates. ^ 

These salts have all more the character of ^ bibasic#salt, tlian 
of a double sulphate or compound of two monobasic sulphates, 
and may therefore be represented as contdining a sulphuric acid 
of double atom wliicli is bibasic, and is united at 

once with oxide of ethyl and another base, of whidi 
only can be displaced by^other bases. They resemble tlie bd^asic 
fulminate of silver, in which one atom only of base can be dis- 
placed by another base. ^ ^ • 

Sulphate of oxide of ethyl and potash, KO,l!iO + 
tallizes in colourless plptes like chlorate of potash, wdiicfi 
saline and sweetish taste; is persistent in air, soluble in an aqtml 
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weight of water, also in dilute alcohol, but insoluble in anhy- 
drous alcohol and ethers; above 212^ it undergoes decomposition 
WthcTdt entering into fusion. 

Sulphate of, oacide t/* ethyl^ and barytes^ Ba0,E0-f S20^ 
+2HO, crystallizes in plates or rhopiboidal prisms, persistent 
. in air, and having a very acid taste. 

Sulphate of oxide of^thyty and limey Ca0,E0 + S206 + 2H0, 
Five parts of this salt diseolYe in 4 parts of water at 62.6 (17® 
cent.) ; it is also soluble in alcohol with the aid of heat. 
r Sulphate of oxide of ethyly ahd oxide of leady PbO,EO +830^, 
+ 2HO, crystallizes in large transparent tables, very soluble both 
in water and alcohol, and having an acid re- action. It slowly 

undergoes spontaneous decomposition, and becomes viscid from 
the/ormatk)n of oil of wine.' It dissolves an additional atom of 
oxide of lead, End becomes a basic dalty which becomes a white 
mass, and is very spfuble. 

Add phosphat€,,of oaSide^of ethyly phosphovinic addy 2110, EC) 
+ PO5, is formed on mixing alcohol with a concentrated solu- 
tion of phosphoric acid, with the evolution of much heat; if the 
phosphoric acid ifi diluted so that its density does not exceed 
1.2, itisn^dt in a State to decompose alcohol. Phosphoviiiie 
acid is a colourless, syrupy liquid, of an acrid and very acid 
taste, more stable than sulphovinic acid, as it may be boiled 
without decomposition, even when diluted. At a higher temper 
rature it is decomposed, giving first ether and alcohol, then 
inflammable gases and a carJ)onaceous residue. When phos- 
phovinic acid is treated with metallic oxides, the two atoms of 
basic water which it contains are sepgtated and replaced by fixed 
base, while ^he* oxide of ethyl remains, a tribftsic clas^ of salts 
being formed like the ordinary phosphates. The formula of the 
phosphate of ethyl and barytes is 2BaO,EO + PO5 -f 12H0. The^ 
compounds of pyrophosphorib acid and metaphosphoric acid 
with oxide of ethyl have not yet been obtained (Pelouze). 

^ Arseniate of oxide of ethyl, arseniouinic add, H0,2E0 
-HAa^Og^contains 2 atoms of oxide of ethyl and 1 atom of 
basic water, which last may be replaced by fixed bases (D^Arcet). 

Nitrite of oxide H)f ethyl, nitrous ether, C4Hg0-fN03= 
EQ,N03. Nitric acid decomposes alcohol without combining 
i^ J'his ether may be obtained, however, by distilling 3 parts 
^WlWng alcohol with 2 parts of nitric aeitl of density 1.3, apply- 
ing Occasionally a very gentle heat, and condensing in a receiver 
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surrounded by ice. But as prepared with nitric acid, by this 
and other processes, nitrous ether always contains aldehyde, a 
product of the oxidation of alcoJi^ol. M. Liebig recommends as 
the best process for nitrous ether, to ^jransmit a current of ni- 
trous acid vapour, obtained by heatingjon a water-bath a spa- 
cious retort, containing 1 'part of starch and 10 parts of nitric 
acid of 1.3, through a mixture of )2 pafts of alcohol of 85 per 
cent and I part of water, contained in a bottle of two tubulures, 
and surrounded by cold wate^. The nitrous acid is immediately 
absorbed by the alcohol, and combines with ether. The pro- 
duct, at the same time, distils over, and may be conducted from* 
the vessel in which the reaction takes place, by means of a glass 
tube, to a tube condenser. 

Nitrous ether, in a state of purjty, is a volatile liquid, of a 
pale yellow colour, possessing the agreeable odour of the Nor- 
mandy rennet. Its density at 59® (15® cep t.)* is 0.947 ; it boils 
at 61.5® (16.4® cent.). It is converted by^thtf tincture of hydrate 
of potash into nitrate of potash and alcohol. * 

Carbonate of oxide of ethyls carbonic ether, EO,C02; ob- 
tained by M. Ettling, by the action of potassium or sodium on 
oxalic ether; a colourless aromatic liquid,^ df density 0.965 at 
66.2® (19® cent.), boiling at 258.8® (126® cent). 

Carbonate of oxide of ethyl and potash, KO,EO 4- C2O4; is pre- 
pared by dissolving in alcohol hydrate of potesh, fused and still 
red hot, and saturating the solution with dry carbonic acid gas. 
When purified, it crystallizes in silkv laminie, soft to the touch 
(Dumas and Peligot). 

Oxalate of ether, oxalic ether, E0,C205. The following pro- 
cess is given by M. Liebigf from Ettling, for the preparation of 
this which is orfe of the fnost interesting of the ethers. A mix- 
ture is distilled rapidly of 4 parts of binoxalate or quadi’oxalate 
■of potash, 5 parts of oil of vitrjol, and 4 parts of alcohol of 90 
percent (0.818). As soon as the liquid which passes is troubled 
by an addition of water, it contains oxalic ether, and is collected 
in a receiver which is not cooled. The product is afterwards 
mixed with 4 times its, volume of water ; the ethcT then sepa- 
rates, and it is agitated immediately with pure water, which is 
renewed frequently, till'^an acid re-action ceases to J)e mani^ 
fested. o \ 

The washed ether is rectified in a small dry retort, is 

filled to 9-lOths; as soon as the product which passes is ci)it55ir- 
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less and transparent, and the liquid boils tranquilly in the retort 
without bumping, it is n^ecessary to change the receiver, for from 
that pariod the oxalic ether diiitils over, . pure and anhydrous. 
The residue in^ the retirt contains some traces of oxalic acid. 
(Traite, p. 350). t 

Oxalic ether is a coipurless liquid, of an aromatic odour ; its 
density 1.0929, and boding 'point 363.2*^ (180® cent.). When 
pure it may be kept in coqtaet with water for several days vidth- 
out decomposition, but if it contains the smallest trace of acid 
pr alcohol, it is decomposed rapidly into oxalic acid and alcohol. 
The fixed alkalies act upon it in the same manner as water. 

By ammonia or solution of ammonia in excess, oxalic ether is 
instantly decomposed, a beautiful white precipitate of oacamide 
(page 407) ajppearing and alcohol is reproduced : 

NHg and (oxamide) and EO,HO 

I /alcohol). 

Oxalate of ether and oxamide^ or oxamcthane ; EO,C 2 Q 5 + 
NH 2 ,C 204 ; or CgHyNOg, is a substance in beautiful white crys- 
talline leaflets, formed by adding alcohol saturated with ammo- 
niacal gas tp a solution of oxalic ether in alcohol. It is fusible 
about 212®,^distils at 428® (220® cent.) without alteration. Four 
atoms of the hydrogen of this compound can be replaced by 

chlorine, and chloroxamethane formefl, Cy NOg, which 

strikingly resembles oxamethane in its physical properties, 
and is even believed to be isombrphous with it. 

Oxalate of oxide of ethyl and pota^hy oxalovinate of potash, 
KO,EO 4- This salt is prepated by adding to a solution 

of 1 volume cL oxauc ether in 2 vokimbs of alcohol, somewhat 
less than half the <potash dissolved in alcohol, which would be 
required to form a neutral s{ilt with the oxalic acid of the^ 
ether ; the salt precipitates, being insoluble in the alcohol. It is 
anhydrous. * * *' 

* of ethyl and potash, oxaloviviic acid, 

is obtained by treating,, an alcoholic solution of 
the preceding salt wit^ hydroflubsiliciq acid, or by decomposing 
with caution an aquecfus solutiqn of the oxalate of ethyl and 
bai^tes by dilute^*sulphuric acid. It is a very acid liquid, which 
is^qgrtiposed by evaporation. ^ 

^^phocarbonate of oxide of ethyl and potash, xanthate of potash 
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ofZeise; KO, £04-0284. This salt contains 2 atoms of bisul- 
phuret of carbon, united with 1 of piotash and 1 of oxide of 
ethyl. It is formed on pouring the bisulphurct of carbon into 
absolute alcohol saturated cold with Viydrate of potash, and 
keeping the mixture at ja gentle hea^; the liquor I)ccomes a 
crystalline mass of the salt at 32”. Tiie salt ciystallizes in 
colourless or yellowish crj^stals. ^ ** 

Svlphocarhonate of divide of ethyl ^nd water or xanthic aetd^ 
H0,E04-C2S4, is obtained as an oily liquid, insoluble in water, 
when the preceding potash salt 'is decomposed by dilute » 
phuric or hydrochloric acid. 

Bicyannurate of oxide of ethyls cyanic ether ^ 8E04-2Cy303 
+ GHO. This compound was obtained by*Liebig and Woehler 
by directing the vapours of hydrated cyanic acid into a mixture 
of alcohol and ether, as loilg as they were absonl^ed. The com- 
pound crystallizes after twenty-four hourV^ repose, and is puri- 
fied from cyamelide, with which it is accompanied, by solution 
in boiling alcohol or water and a second crystallization. Its 
solution is neutral to test paper, and it does not form compounds 
with metallic oxides. * , 

Benzoate of oxide ethylj henzoic e/Acr, C4H5O4-C14H5O3— 
EO,BzO. This is a liquid ether, of density 1.0539^t 50® (10^ 
cent.), boiling at 408,2° (210® cent.), prepared by distilling a 
mixture of 4 parts of alcohol of 83 per cent. (0.8i0) with 2 
I)arts of crystallized benzoic acid, and I part of concentrated ^ly- 
drochloric acid. ^ 

Hippurate of oxide of ethyl, hippuric ether, 

O5. This compound was* first prepared by Dr. Stenhouse. It 
is obtained in fine crystqlCne needles, perfectly wjntc, and of a 
silky lustre. The crystals *are not Volatile, their density is 
1.043 at 73.4° (23° cent.) ; they fuse at 109.^’ (43'^ certt.) 

Chloroxi-carbonic ether, 0411^4-020X1, This name has 
been given by M. Dumas to ^n ethereal liquid, which is formed 
when absolute alcohol is brought into contact with chloro^ 
carbonic acid gas (page 37S). Its density is 1,33 at^,^ ; itdJoils 
at 201.2° (94®cent.). • 

Urethane, O5H.7O4N. This substance jif formed, with sal am- 
moniac, on dissolving th*e preceding compound in sollitioi> of 
ammonia.' Purified by distillation, ^it is a pemly-white, ^ci^s- 
lalUne substance, resejibling spermaceti; it fuses at 212°** 
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distils without change at 85(>o (180® cent.). Urethane may be 
considered as a chloroxiprbonic ether, in which the chlorine is 
replaced by amidogen, (NH2). It may also be 

looked upon as the product of the combination of 2 atoms of 
carbonic ether with 1 *^atom of urea, 2G5H503-f'C202,N2H45 
the consideration which induced M. Dumas to give it the name 
of urethane. 

Some other compound ethers or neutral salts of oxide of ethyl 
will be described under their respedtive acids. 

' ' TRANSFORMATIONS OF THE BODIES CONTAINING ETHYL. 

The compound of alcohol and chloride of zinc was found by 
M. Masson to give, ether and water when heated to 284®, and 
at a higher ^temperature, between 320® and 392®, two liquid hy- 
drocarbomi one^ boiling at 212® represented by CgHy, and the 
other boiling at 572<5' (300® cent.) CgHg; the sum of which is 
CjeHie, exactly the composition of olefiant gas. The liquid long 
known as oil of wine is probably one of these hydrocarbons. 
It is found in the retort from which a considerable quantity of 
crude ether has been distilled off lime. 

Sulphaterof oxide of ethyl and of etherole^ €41150,04114 + SaOg, 
long known as the sweet oil of wine or the heavy oil of wine. 
This compound arises from the decomposition of the neutral 
sulphate of oxide 'of ethyl, which cannot exist in an isolated 
state, and is best obtained by distilling 3 atoms of the sulpho- 
vinW of lime with 1 atom of caustic lime \ these give 1 atom 
of sulphate of oxide '*of ethyl and etherole, 1 atom of alcohol, 
and 4 atoms of sulphate of lime. The sulphate of oxide of 
ethyl and of eiherole is a colourles^ oily and aromatic liquid, 
of density 1.^3, boiling at 536® (280® cent.), and capable of being 
distilled without alteration, if free from water. It is decomposed 
by water a|^ by acids into, sulphovinic acid and etherole. 
Etheroky first ol?serVed by Mr. Hennel, and sometimes called 
the light oil of wine^ is an oily liquid, of iflensity 0.91 7^ boiling 
at ^^Etherple submitted to a low temperature, deposits 
crystab of ^herine, which are long prisms of great lustre, fusing 
at 230® and boiling afSOO® (260® cent,.) ; of density 0.980. These 
tw^ compounds are isomeric, and conSlist of carbon and hydro- 
gep^ in the same/proportions as in olefiant gas. 

^ihiomc and iaetMomc ‘'acids, produced by M, Magnus, by 
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the action of anhydrous sulphuric acid on absolute alcohoL A 
crystalline compound of olefiant gas And anhydrous sulphuric 
was obtained by M. Regnault, Vhich may be separated by 
+4SO3, or by C^H^0,S205 + 2S03, th’at is, as oontaining hypo- 
sulphuric acid united with another different from oxide of 
ethyl, with sulphuric acid. A crystalliife compound was also 
obtained by Magnus, by exposing^ absolute alcohol to the vapour 
of anhydrous sulphuric acid, and named by him carbyley which 
appears to be the same. Saturated with carbonate of barytes, 
carbyle gave free sulphuric acfd and the soluble ethionats 
barytes^ which last contains the same elements as sulphovinatc 
of barytes, indicating the assumption of the elements of an atom 
of water by the carbyle. Ethionic acid may be procured by 
adding dilute sulphuric acid cautiously to a solutioruof ethipnate 
of barytes. It is a compound of small •stability, and is decom- 
posed by boiling like sulphovinic acid, gi^ijg alcohol and isethU 
onic acid, the last of which does not uAdergo farther decompo- 
sition. The salts of the latter are likewise isomeric, when dried, 
with the sulphovinates. Isethionic acid may be concentrated, 
and stands 302® (150® cent) without decojpposition. All its 
salts are neutral to test-paper, and are also remark«bly stable, 
supporting a temperature of 482® (250® cent.) without decom- 
position. When fused with an alkaline hydrate, they leave as a 
residue a mixture of the sulphite and sulphate of the alkali, 
from which it is inferred that they contain hyposulphuric acid, 
and not sulphuric acid. ^ 

Tsethionate of barytes is prepared by passing pure olefiant gas 
through anhydrous sulphuric acid, in the liquid state ; or by 
saturating ethej in a fla§t surrounded with^ ice, ^by the same 
acid. The acid solution is afterwards boiled, so long as^alcohol 
is disengaged, and then saturated with carbonate of barytes. 
This salt is represented by Ba0,C4H502 + S20|P Isethionate 
of copper crystallizes in regjular octohe^rone, of an emerald 
green colour, containing 2 atoms of water of crystallization, 
which they lose at 482® (250® cent.), and become •whiti?* and 
opaque. From none ol?these salts can alcohol or ether be de- 
rived y they do not, therefore, contain eth^. 

Two other acids of this class have been obtained, itiethwnic 
add, by saturating ether with anhydrous sulphuric acid, without 
cooling: the mixture* o.i which the salt of barytes, BaO,C2H^2^> 
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is insoluble in alcohol ; and althionic acid^ which is found in the 
residue of the preparation of olefiant gas by means of alcohol 
and su^huric acid, of wmch the lalts are isomeric with the suU 
phovinates, although distinguishable from them by their proper- 
ties (Ettling, Regnault). \ 

The compounds which follow are derived from the oxidation 
of alcohol and its derivatives. ^ 


SECTTON III. 

ACETYL SERIES OF COMPOUNDS. 

Acetyl C4H3—AC': a hypothetical radical, produced by the 
abstraction bf 2 atoms of oxygen from ethyl, by oxidating pro- 
cesses, and wliicii pefvades a series of compounds, including 
acetic acid, from whicli it dfsrives its name. 

The following are the oxygen compounds of acetyl. 

Acetyl . . . • C4H3 

Oxide of acetyl* . C4H3O . . unknown 

Hydrate^pf oxide of acetyl C4H3O + HO aldehyde 

Acetous acid • . . C4H3O2 + HO aldehydic acid 

Acetic acid . o • • C4H3O3 + HO acetic acid. 

c HYDRATE OF THE OXIDE OF ACETYL, OR ALDEHYDE* 

Formula, C4H30*f ftO. It will be observed that aldehyde 
occupies the same place in the acetyl ^series that alcohol does in 
the ethyl seri^gs. It was obtained in an impure state by Do- 
bereiner, and afterwards isolated, arid its true nature ascertained 
by Liebig'. Aldehyde is formed by the action of oxidating 
bodies upon^ilcohol, by which 2 atoms of hydrogen are ab- 
stracted, and the dements of aldehyde left. It is occasionally 
produced during the absorption by alcohol of oxygen from the 
air, ftHihe 'pjocess of acetification, and is a product of the action 
of dilute iiitric acid upon alcohol, but it is usually prepared by 
the action of dilute stilphuric acid with peroxide of manganese 
upon aWohol. 


* From alcohol deh^drogenal' 
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To prepare aldehyde, a mixture is distilled by a gentle heat of 
6 parts of sulphuric acid, 4 parts of water, and 4 parts of recti- 
fied spirits of wine, and the prof^uct canlfully condensed, long 
as chemical action appears to take phlce from the frotliing up 
of the materials in the retort The distilled liquid, which is a 
mixture of aldehyde wdth* water and seVer^l other secondary pro- 
ducts, is distilled by a water- bath /rom*,an equal weight of chlo- 
ride of calcium, till one half of it passes over. But to free the 
aldehyde from foreign bodiesj^ it is necessary to unite it with 
ammonia ; the product of the last distillation is therefore diluted 
with an equal volume of ether, and the mixture saturated at a 
low temperature with ammoniacal gas ; the compound, or am- 
monia-aldehyde is deposited in colourless crystals, which are 
afterwards washed with ether and /Iried in air. Two parts of 
ammonia-aldehyde dissol> 4 ed in 2 parts^ of w^ter are di sillied 
with 3 parts of sulphuric acid diluted witl>»4 parts of water, and 
the product condensed in a receiver sur^ouifded with ice. It is 
afterwards rectified from chloride of calcium, by a heat not ex- 
ceeding 77 or 86° (25 or 30° cent.). 

Aldehyde is a colourless, highly-fluid liquid, of a peculiar 
ethereal and suffocating odour, boiling at^jl.()° (2^° cent.) of 
density 0,700 at 64.4° (18° cent.), neutral, and very cQinbustible. 
It is miscible with water, alcohol and ether. It changes in the 
air into acetic acid by absorption of oxygen. • It dissolves phos- 
phorus, sulphur and iodine. 

When pure and anhydrous aldehyde is kept for some thne 
at 32°, it gradually loses its powfer to mix* with water, and is 
transformed into a coherent mass, composed of long transparent 
needles, resembling icy spfculce. This is Elaldehyde^ which is 
-similar in composition to'aldehyde, but of three tinfes the'ktoinic 
weight, judging from the density of its vapour, ^llaldehyde 
fuses at 35.6° (2° cent.), and boiL% at 201.2° (94° cent.). 

Metaldehyde is another product of the* condensation of the 
elements of aldehyde^ which appears at the ordinary temperature 
in aldehyde left for some time in a well-stopped phial, in^ tlife 
form of white and transparent needles, or colouriess prisms, 
which gradually attain ascertain magnitude. It sublimes at 
248® without fusing, and condenses in the air in snowy qnd very 
light flocks. It is insoluble in water, but dissolves easily in 
alcohol. The density pf its vapour liias not been deternfiiied. 
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Aldehyde is capable of combining directly with ammonia and 
potash^ thus evincing ai> approach to the acid character. 

Ammonia-aldehyde^ C1H30,NJH3+H0, crystallizes in acute 
rhombohedrons, which fare transparent, and of great lustre. 
These crystals fuse between 70 and SO** cent, and distil without 
alteration at 100® cent. * ■ 

Acetaly or compound oJ[ aldehyde with ether ^ AcO,EO + HO= 
CgH^Og, was discovered by Dobereiner, and is formed by the 
action of platinum black oh the vapour of alcohol with the pre- 
sence of oxygen. Acetal is a’cqlourless very fluid liquid, having 
h ^dculiar odour, suggesting that of Hungary wines. It boils at 
95.2® cent., its density is 0.823 at 20® cent. It is soluble in 6 
or 7 parts of water, and mixes with alcohol in all propor- 
tions. 

t 

Rosin of Aldehyde is a product of the decomposition of alde- 
hyde by alkalies/ witl\ f he assistance of air. 

* 

ACETObs OR ALDEHYDIC ACID. 

Formula of the hydrated acid, C4H302-f H0=^Ac02 + H0. 
This acid is formed when hldehyde is heated in contact with 
oxide of siVer, one half of the oxide being reduced to the me- 
tallic state/ while the other half unites with the aldehydic acid 
formed. If to water in a test-tube containing a few drops of 
aldehyde, a little ifltrate of silver be added, and ammonia so as 
to precipitate the oxide of silver, and then the tube be rapidly 
hedted by the flame of a spirit-lamp, the silver is deposited on 
the tube with a bfi^t surface, like a mirror, and forms a 
beautiful experiment. When the salts of this acid are evapo- 
rated* thevbecd'me brown, and undejgo decomposition. 

ACETIC ACID. 

Formula of the hydrated acid HO +€411303=110 +ACO3. 

Vinegar has loAg been derived dby the action of air upon alco- 
holic liquors, such as wine and beer, but fhe , remarkable-disco- 
verybf <1. Davy, that platinum black in contact with alcohol 
became ihcandescenl|^ an,d gave rise to acetic acid, first led Dobe- 
reiner to the discovery, that alcohol % absorbing oxygen, gives 
rise to water and acetic acid, without disengaging carbonic acid, 
found that the elements of 1 atom of alcohol absorb 4 ^toins 
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of oxygen, with the formation of 1 atom of anhydrous acetic acid, 
and 3 atoms of water : 

and 40— C4II3OI and 3H0. 
or C4H5O -f HO and 40=H0^C4H303,H- 2H0. 

Hence, when alcohol iS converted ii?to ^acetic acid, 2 atoms of 
oxygen are directly absorbed, anA 2 at^ms of oxygen convert 2 
atoms of hydrogen into water. The atom of water of the alco- 
hol and the 2 atoms of water produced, are all retained, and 
form a remarkable terhydrate of,acetic acid. 

Pure alcohol, diluted with water and exposed to air, does* not 
acidify ; the presence of some foreign organic matters, whicli 
exist in wine and beer, is necessary to act as a ferment, and to 
place the alcohol in a condition to, absorb oxygen. This fer- 
ment is no doubt an oxidable azotised matter. ^ Some kinils of 
beer, in which the ferment' has been completely exhausted and 
precipitated by a preceding highly-protr|icte^ vinous fermenta- 
tion, such as the Bavarian beer, are not liable lo become sour or 
undergo the acetous fermentation. The rapid process of acidi- 
fying alcohol, introduced into Germany by MM. Wageman and 
Schuzenbach, is the most interesting, in a scientific point of view. 

Strong alcohol is diluted with 4 or 6 parts of water^ and about 
1-IOOOth of yeast, must of beer, vinegar or honey added to it. 
To acidify this liquid, it is heated to 7^ 0* 80®, and made to 
trickle through a cask, filled with beech- fig. 95. 

wood shavings, (Fig. 95), and pierced 
with holes at top and bottom to^allow a 
circulation of air through it. From the 
great surface exposed by Ihe liquid, the 
absorption of oxygen is haost rapid, and 
the temperature rises to 100 or 104®. 

When the liquid has been passed three 
or four times through the barrel, at the 
high temperature, dl the alcohol it con^ 
tains is changed into vinegar ; an opera- 
tion which may be completed in twenty- 
four or thirty-six hours. Jhe addition of 
certain aromatic substances, such as the* 
essential oils, or a mere trace of wood vinegar, Entirely prevents 
the acidification of th| alcohol* • 

Wood mnanar. or nvrolifirneous acid is prepared on a Jarfe 
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scale by the distillation of wood, generally that of oak coppice 
deprived of the bark, ^hich is used in tanning. The watery 
fluid containing the acSd, and d:arry matter which distil over 
together, are separated/ mechanically, in a great measure, by 
subsidence. The acid luay be freed from a portion of the em- 
pyreumatic oils ithol^s in solution, by a single distillation. It 
is purified completely by neuitralising it with lime, crystallizing 
the acetate of lime repeajbedly, decomposing the latter by sul- 
phate of soda, and fusing the acetate of soda by a high tempera- 
jfure, at which the empyreumatic matters are volatilised or 
destroyed. By distilling 3 parts of the acetate of soda, well 
dried and in powder, with 9.7 parts of sulphuric acid, a highly 
concentrated and pure acetic acid is obtained. 

The proportions last mentioned give 2 parts of a hydrated 
acetic acid, whi 9 h is distilled again, and the two last thirds of 
distilled liquid expoied to 24 or 25”, for the protohydrate of 
acetic acid, which Sryi^tallfzes. The crystals may be drained, 
fused, and crystallized again, to obtain the hydrate of acetii; 
acid in a state of purity. Below 63”, the hydrate crystallizes in 
shining transparent plates or ‘tables, which fuse above 63” into a 
limpid liquid, of density 1.063 ; it boils at 248®. The odour of 
this acid is penetrating and characteristic ; it forms blisters on 
the skin, like a mineral acid. The liquid acid mixes with water, 
alcohol, ether, and* several essential oils in all proportions. It 
dissolves camphor and some resins. The vapour of the acid in a 
state of ebullition may be kindled, and burns with a pale blue 
flame, producing wtitfcr and Jarbonic acid. Nitric acid has no 
action on acetic acid ; sulphuric acid with heat blackens acetic 
acid, with an evolution of sulphurouj? acid. 

Acetic acii increases somewhat nn ‘density by a slight dilu- 
tion; the.greatest ‘Condensation 'occurring in the hydrate con- 
sisting of 1 atom of anhydrous acid and 3 atoms of water, of 
which the density is i.07. The strength of a dilute acetic acid 
is best ascertained by the quantity of marble it dissolves. 

* Acetic acid forms neutral salts, and with many metallic ox- 
ides sub-salts containing 2 and 3 atones of base to 1 atom of 
acid. Most of its ^neutral salts aye soluble. It is recog- 
nised in. combination by the peculiar odour of acetic acid evolved 
when concentra^bd sulphuric acid is added. M. Liebig recom- 
mends as the most certain Ineans of discovering the presence of 
acetic acid, or of an acetate in any substance, to distil it witli 
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dilute sulphuric acid, and to place the product in contact with 
oxide of lead in the cold. If there is any acetic acid present, 
the oxide of lead dissolves, and, the solilion exhibits an alkaline 
reaction. (Traite, L 39’8). 1 

Acetate of oxide of ethyl, acetic either, C 4 Hj 0 +C 4 H 303 — 
EOjA. Alcohol is only ‘decomposed a small extent when 
distilled with strong acetic acid. JThe is prepared by dis- 
tilling, with a heat moderate at first, but afterwards increased, 
4.5 parts of strong alcohol an4^6 parts’ of concentrated sulphuric 
acid, previously mixed and cooled, with Imparts of anhydrous 
acetate of lead. The product is neutralised with a little lime, 
then poured over an equal bulk of chloride of calcium in a tubu- 
lated retort, and distilled again by a water-bath. Acetic ether 
is a liquid of an agreeable refreshyig odour, and is the source 
of the refreshing odour of ^some kinds of vinegar which coiXain 
it. Its density is 0.89 at 59"; it boils at„ 1(>5.’2" (74® centig,). 
Acetic ether is soluble in 7 parts of water, •and in alcohol and 
ether in all proportions. It is decomposed by alkalies with the 
greatest facility. 

Acetic acid forms neutral and bisalts with the alkalies. The 
neutral solution of acetate of ammonia, tliasjpirUs of tnindererus, 
is used in medicine. Acetate q/'pofosA is a foliated prystalline 
mass, anhydrous, and slightly deliquescent. Acetate of soda 
crystallizes with 6 atoms of water; it is soluble in three times 
its weight of cold water, and in five times its weight of alcohol. 
Its taste is aaline, cooling and agreeable. Acetate of barytes 
crystallizes below 59® witjj 3 atonal of watOT,'Bnd is isomorphous 
with acetate of lead ; at a his^i®r temperature it crystallizes with 


1 atom of water. It is vejy soluble in water, and more so at a 
low tlian at a hi^ tempetatere. Acetate of strohtian crystal- 
lized helow 59® (15® cent.) contains 4 atoms of water,, and crys- 
tallized above' that temperature only half an equivalent of water. 
Acetate tf l^e crystallizes with water. ^A concentrated and 
boiling solution of it treated witli sulphate of soda, iti the 
preparation of acetale of soda, allows a double sulphate^ of 
lime and soda to pieoipitate. Acetate of maffnesia is very 


soluble, end crystallizes with difficulty. > , 

Astda/te^ ahtmina is obteined in solution, when acetatq of lead 
.or Ihne is precipitated by sulphate of dumina, and is 


.or Ihne is precipitated by sulphate 



78G 


ETHYL AND ACETYL. 


muchua^d in dyeing. THiis salt is decomposed in drying, or by 
a slight heat, into free acetic acid and a subacetate of alumina 
which }s insoluble. Thl solution of the pure salt may be boiled 
without decomposition, out if sulphate of potash, or any other 
neutral salt of an alkali present, the solution becomes turbid 
when heated, and a basic* salt precipitances, which dissolves again 
on cooling (Gay-Lussac)^ Afetate of manganese is used in dye- 
ing, and is prepared for that purpose by mixing acetate of lime 
with sulphate of manganese. Tljik salt is crystallizable. Ace- 
tate of zinc crystallizes with 3 adorns of water. Acetates of iron : 
a^rnixture of the acetates of protoxide and peroxide of iron, 
employed as a mordant for dyeing black, is prepared directly by 
dissolving old iron hoops, &c. in crude wood vinegar, with access 
of air. The acetates of lead fiSiXt already been described' (page 
594 Jf ; also the acetates^ of. copper (ps^ge 584), acetate of black 
oxide of mercury ({>age 653), and acetate of silver (page 
673 ). 


SECTION IV. 

r 

PRODUCTS /)F the' action OF CHLORINE, BROMINE, AND lODINF. 

UPON ETHYL, ACETYL, AND THEIR COMPOUNDS. 

OxicJdoride of fithyl, C4H3Cl20,(l), is an oily colourless 
liquid, obtained by saturating anhydrous ether with dry gaseous 
chlorine, cooling the mixture at the beginning, and heating it 
towards the end of the- operati&n. As in the formation of acetic 
acid, 2 atoms of hydrogen are oxidated and withdrawn by 
the action, of the oxygen of the air upon alcohol, and re- 
placed by 3 ato-ms of oxygen, «o ’in the hetion of" chlo- 
rine upon alcohoi, a similar change occurs, of which the, 
product is the oxichloride ,of acetyl. When heated with 
potassium, this compound gives chloride of potassium, and 
a gaseous body, containing only half the chlorine in the original 
Substance, or C4H3CIO, (2), observed by Malaguti. By the 
action of chhnine upon the vapour of , pure ether in sun-shine 
Regnault obtained apotlier crystalline compound C 4 ClgO, (3), 
in whicii the whole hydrogen of ether is replaced by chlorine. 
Felix d’Arcet hus also observed an accessory product in the 
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preparation of Dutch liquid, which had the composition 
C4H4CIO, (4). It is named chloretheral by him. It will be ob- 
served that the fourth, first and third of these bodies are com- 
pounds, in which 1,2 and 5 atoms of Ihe hydrogen of chloride 
of ethyl are replaced by chlorine, •without any other change of 
composition. They are all neutral boSiej. 

Oxisulphuret of acetyU ^4^38^0; a compound in which 2 
atoms of the hydrogen of oxide of etl\yl are replaced by 2 atoms 
of stilphur, is obtained by tl/e^ action of sulphuretted hydrogen 
upon the oxichloride of acetyl. • Another compound is forme^ 
at the same time, in which 1 atom of chlorine remains, and only 
1 atom of sulphur is introduced, C4H3CISO. 

Acetate of oxichloride of acetyl^ C4H3Cl2p*f A, a body formed 
by the action of chlorine upon aoetic ether, in wipch 2 atoms 
of the hydrogen of the ether are replaced by, 2 atoms of chlo- 
rine 5 or the oxichloride of acetyl is formed, and continues in 
combination with the ace tic acid. 'Tbp benzoate of pxide of 
ethyl gives a compound, of w’^hich the formula is BzCl 4-04113 
CI3O. 

Chloroxalic ether ^ CeCl504 or *040150 4- C2O3 ; formed by 
the action of chlorine on oxalic ether, orj^stallizabhij, fusible at 
291®, not volatile. Cloroxamethane^ C60l5O4 4‘C2O2,NH2; 
formed by the action of ammoniacal gas on the ether, crystal- 
lizable, fuses at 273®, boils above 392®, voliftile. Chloroxalovi- 
flic acid is obtained by the action ot solution of ammonia upon 
chloroxamethane (Malaguti, An. de Ohim. Ixxiv, 299). 

Chloride of acetyl^ — The following Table exhibits the com- 
position and some of the*groperties of the scries of compounds 
formed by Regnault, by^triating the chloride &f etlfyl and the 
products thus obtained, successively with chTorine (An. de (>h. 
Ixxi, 353) : 


C4H5C11 

Spec. grav. 

0.874* 

Bpiiing point. 
11* centig. 

• Density 
of vapour. 

2219 


1.174 

64® .. 

3478 

C4H3CI3 

].»72* 

'■75® .. 

4530 

C4H3CI4 

1.530 • 

102 ® . . * 

• 57.99 

C^HjClg 

1.644 * 

146® .. 

6975 


♦ At 11® cent; the others between 18 and 20® cent. 
• 2 F F 2 
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Formula: C 4 HCl 30 .^|=C 4 Cl 30 +H 0 . 

TliiS singular liquid, (jjf which we owe the discovery to Liebig, 


may be considered as the hydrate of oxide of acetyl (aldehyde), 
in which the whole hydrogen of the acetyl is replaced by 
chlorine : 


Hydrate of oxide of acetyl . . . C4H3O4-HO. 

Chloral . . C4CI3O+HO. 

* It cannot, however, be prepared directly by the action of 
chlorine upon aldehyde, owing to the facility with which the 
latter body changes, but it is the ultimate product of the action 
of chlorine upon anhydrou? alcohol. It is recommended in 
preparing chloral, to introduce a few /)unces of perfectly anhy- 
drous alcohol into the body of a tubulated retort, supported 
with its beak somewhat elevated, and with a glass tube adapted 
by a cork to the ‘mouth, and directed upwards, so that what 
condenses may flow back into the body of the retort. Chlorine 
gas carefully dried by being passed through sulphuric acid, 
which is renewed Iforab time to time during the process, is con- 
ducted by fi tube entering the tubulure of the^ retort, and made 
to stream through the alcohol, the body of the retort being 
immersed in cold «water to keep it cool at the beginning, but 
afterwards heated to assist in expelling the hydrochloric acid 
fortied, towards the end of the process. An immense quantity 
of chlorine is required/ and th^'gas may continue to be absorbed 
by a few ounces of alcohol for twelve or fifteen hours. The 
operation is CO n^lete when the chl(Jrine traverses the boiling 
liquid without any^disengagement of*" hydrochloric acid ; a dense 
oleaginous liquid, the hydrate of chloral, is obtained, which 
often becomes a solid mass on pooling. The mass is fused by a 
gentle heat, and mixed in a well-stopt bottle, with two or three 
times its bulk of oil of vitriol, and the mix^re gently heated by 
a^’water-bath ; the impure chloral comes to the surface of the 
liquid, in thcpform of a limpid oil. It drawn off, and boiled 
for some time to expel free hydrochloric acid and alcohol, and 
then disjbilled from an*equal bulk of «ulphurip acid, to depriv^ 
it of adhering wfifter. The last product is pure chloral, except 
a ^ittl/x hydrochloric acid, wiiich is separated by distilling again 
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from quicklime slaked and recently ignited, discontinuing the 
distillation when the lime in the retcyrt is no longer covered 
by the liquid; the product obtained i« chloral, perfectly pure. 
(Liebig). ' 

Chloral is a pretty fluid oleaginous liquid, colourless, greasy to 
the touch, having a penetrating disagfee^ble odour which pro- 
vokes tears ; its taste is first oily and then caustic. Its density 
is 1,502 at 64.4® (18° cent.), and it boils at 201.2° (94° cent.) 
distilling without alteration p^he density of its vapour is very 
nearly 5000^ and its combining#measure, 4 volumes (Dumas). 
Chloral is miscible with alcohol and ether ; it dissolves, appa- 
rently without alteration, sulphur, phosphorus and iodine, with 
the aid of heat. 

Hydrate of chloral. — Chloral is first obtained from alcohol in 
the state of a hydrate, tlie water being jderivejl from a reaction 
of the nascent hydrochloric acid and alcolud, which gives rise to 
water and chloride of ethyl. When* puye chloral is brought in 
contact with a small quantity of water, combination takes place 
immediately on mixing the liquids, with evolution of heat, and 
in a few seconds the compound ns deposited as a crystalline 
mass, composed of needles, w’hich re-diisqlve in a larger quan- 
tity of water. By evaporation of the solution in ^vacuo, the 
compound is obtained in large rhombohedral crystals, which 
contain 2 atoms of water. The solution •of the hydrate of 
chloral is neutral, and has no action on red oxide of mercury ; 
the dry hydrate may be distilled without change. 

ImolubU cA/orfl/.— Like aldehyde pure \;hloral cannot be kept 
long without alteration, it gradually passes into a solid mass 
resembling porcelain, witffj/ut change of weigiit, and equally 
whether contained in vessels which are herftieticftlly sealed or 
open. This mass is not dissblved by water, but wherf placed 
in contact with a very small quantity of water, it slowly changes 
into the crystalline hydrated chloral, w^hkh dissolves at once 
when a large quantity of water is* added to it. Insoluble chloral 
is modified by contact with sulphuric acid, and somewhat altprefl 
in composition ; when washfed with water it loses a Mittle hydro- 
chloric acid, and acquires.some water, ‘TJie formula assigned to 
modified insoluble chloral fs Cjg H 4 Clg 0>j : which is 3 atoms ot 
chloral, minus 1 atom,^of hydrochloric acid 2 atoms of 
water. 
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Sulphuret of ether with <?A/ome.~Regnault has observed that 
the sulphuret of ethyl, is powerfully acted upon by chlorine^ 
with tjie assistance of light ; 4 atoms of hydrogen are replaced 
by 4 atoms of chlorine, ^and the compound C4 CI4 HS formed, 
which is a fetid liquidf, boiling about 320® (160® cent.) ; of 
density 1.673 at 75.2®^ (24® cent.) 

Chloracetic add^ C4 OI3 O3 + HO. — This remarkable acid, iu 
which the 3 atoms of the hydrogen of acetic acid are replaced by 
3 atoms of chlorine, was obtaiuejJ/ by M. Dumas, by the action 
of chlorine gas contained in large balloons upon the hydrate of 
acetic acid, exposed to the direct rays of the sun for a whole 
day. It crystallizes in rhomboidal plates or colourless needles, 
which deliquesce rapidly in damp air. Chloracetic acid whitens 
the tongue ; its vapour is syflocating and painful to the organs 
of rfespiration. Jt reddens litmus, without bleaching it. The 
crystals fuse at 45 oi?>46® cent.; and fused they enter into ebul- 
lition between 1.95' an;d 200® cent. The density of the fused 
acid at 46® cent, is 1.61 7. It forms a class of salts which 
greatly resemble the acetates; they are all soluble, and are 
blackened by an excess of alkali even more readily than the 
acetates. ^ ^ » 

Chloracetic acid exhibits a beautiful transformation when 
heated in contact with an alkali ; it is decomposed into perchlo- 
ride of formyle, a metallic chloride, and alkaline carbonate and 
formiate. Acetic acid gives in the same circumstances light 
carburetted hydrogen (C2 H4) and an alkaline carbonate. (Du- 
mas, All. de Ch. lx>fiil, 77 aud* 89). 

Heavy chlorinated ether. — The body which principally is 
formed when alcohol of 80 per 000^7(0.848) is saturated with 
humrd chlorifie gaS. It precipitates from the acid liquid when 
water i4 added. It ds colourless, tieutral, of density 1.277, 
boils between 112 and 125® cent. The results of its analysis are 
discordant, which, M. Regnault supposes to arise from interme- 
diate chlorinated bodies, which form between aldehyde and 
chloral : 

Aldehyde. . 

Intermediate bods. | 

Chloral. I* .. ctl’ciaO^ 
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Bromaly C4 Br^ O -fHO. — ^This compound, which corresponds 
with chloral, was formed by M. Lcewig, by adding 13.8 parts of 
bromine to 1 part of alcohol cr^oled bg ice, adding tlie ^former 
in small portions, taking care that tlJe part previously added 
had first disappeared. It is purified hi the same manner as 
chloral. Bromal is a cdlourless oily*li(yiid of a peculiar and 
very strong odour which provoke^ tears, and of a caustic taste. 
Its density is 3.34, and boiling point below 212”. Bromal is 
miscible with water, alcohoh^nd ether. Caustic alkalies trans- 
form it into an alkalirie formiate and perbromide of formyl. 
Its solution affords by evaporation a crystalline hydrate, con- 
taining 4 atoms of water, consequently 2 atoms more than the 
hydrate of chloral. 

Brominated ether. — Loewig has, observed, that bromine in 
acting upon ether, produces a body analogous to heavy chlori- 
nated ether, but respecting tlie composition of which there is 
the same uncertainty. 

lodal. — ^An oleaginous liquid which corresponded in some 
properties with chloral, was obtained by M. Aimi?, by the 
action of 4 parts of alcohol, one part of iodine, and one part of 
fuming nitric acid, left in contact in a battle imperfectly closed ; 
but its composition was not ascertained. Mr. Jqhnston had 
previously obtained some peculiar substances by a similar re- 
action. ^ • 

Chloride of cyanogen upon alcohol. — A slightly volatile cry- 
stalline matter is produced, when a mixture of alcohol and wery 
concentrated hydrocyanic acid, *or a mixture of alcohol and a 
metallic cyanide soluble in alcohol, is saturated with dry chlo- 
rine. This crystalline sfQ^stance has a silky kistrej and consi- 
derably resembles sulpfiate* of quinine. It*fuse# at 248”,* sub- 
liming in part. Its empyribal formula i» Ck-, Hi4,08*Cl2 N2, 
corresponding with 3 atoms of^dehyde 3(C4 H4 O2), 2 atoms 
of chlorine CI2, 2 atoms of cyanogen Ng 64^ and 2 atoms of 
water Hg Og. (Stenjiouse). * • 

, .SECTION V. 

CONGENERS OF ALCOHOL OF AN UN(fE»TAIN CONSTITUTION. 

Hydruret of acetyly plefiant gasy €theriney\ela^jl (Berzefius) ; 
C4 H4 = C4 H3, H 0/ AcH.-^This^gas is generally pfepaj:edj)y 
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heating a mixture of 1 part of alcohol with 6 Or 7 pa^ts of con- 
centrated sulphuric acid (page 426); and is accompanied by 
sulphurous acid, the v^our of#- ether, tl^e double sulphate of 
oxide of ethyl and etherole (page 772 ), from all of which it is 
purified by passing it iirst through milk of lime, and then 
through oil of vitrioj. Mitscherlich finds it to be formed 
almost exclusively, when alcohol is brought into contact with 
oil of vitriol heated to 320^ (page 772 ). 

Pure hydruret of acetyl has a feeble ethereal odour ; it is only 
very slightly soluble in water, ^oil of vitriol, alcohol and ether. 
It forms a crystalline compound with anhydrous sulphuric acid, 
C 4 H 4 + 4 SO 3 . It combines with chlorine gas in equal volumes, 
and forms an oily liquid (a property from which it received the 
name of olefiant gas), the chlorhydrate (hydrochlorate) of the 
chloride of acetyl, known as Dutch-liquid, or the oil of olefiant 
gas. 

Chlorhydrate of chloride ^of acetyl^ C 4 H 3 Cl, H Cl, or Ac Cl, 
H Cl. — Is purified by mixing with water and distilling the pro- 
duct last mentioned, by a water bath ; depriving it afterwards 
of the water which it takes up by shaking it in a bottle with 
sulphuric acid, and di Jtilling again by a water bath. It is a 
very fluid colourless liquid, of an agreeable ethereal odour and 
sweetish taste j boils at 82.4” cent,; density of its vapour 3448.4. 
It communicates its qdour to W’ater without dissolving sensibly 
in it, but is soluble in all proportions in alcohol and ether. 
This compound may be distilled from hydrate of potash with- 
out change, but is gradually decomposed by an alcoholic solu- 
tion of potash into chloride of potassium and chloride of acetyl ; 
■when this eomp^und is heated witlj*|potassium, hydrogen gas 
and the chloride of kcetyl are disengaged. 

Chloriiydrate of chloride of acetyl readily absorbs chlorine, 
and by the continued action of that body a product is obtained^ 
which by distillat;ion ‘furnishes two new compounds, one at 
235® (115® cent.) C 4 Hj Clj, HCi; and another at 275® (135® 
ednt.) C 4 Hj CI 4 . The last compound by the continued action 
of chlorine in diffuse day-light, or suore rapidly when exposed 
to the direct rays of tlje sun, is converted into the crystalline 
prochloride of carbon, C 4 Clg (page 37?). • 

Chloride of aehtyl, C 4 H 3 Cl, = Ac Cl, separates from the 
alcoholic solution above reierred to, in the form of gas, by the 
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effect of a gentld heat; the gas is purified from adhering vapours 
of alcohol and water, by passing it through sulphuric acid. This 
gas has an odour which suggests thatjof garlic; its density is 
21(>6, and combining measure 4 volunnes. It is .condensed into 
a limpid liquid at — 0.6“ ^ — 17* cent.) < 

Chloride of acetyl is absorbed by peychloride of antimony 
(Sb CI5), and when the saturated solution is diluted with water, 
an ethereal liquid separates, consisting of a mixture of chloride 
of acetyl and hydrochloric acid^ with a new compound C^H-jClj, 
or C4 Hj Clj+H Cl. This 'last when distilled M'ith, 
alcoholic solution of potash is resolved into chloride of potas- 
sium, water and another new volatile liquid, C^ H2 Clj, or 
CjH Cl. Lastly, by continuing the action nf chlorine upon the 
preceding bodies, the compound ‘C^ H2 CI4 is obtained^ or' 
rather C4 H Clg-f-H Cl, far potash transforms it into C4 H CI3, 
and chloride of potassium, (liegnault). * 

Brotnhydrate of bromide of acetyl, C4 fe, Br+H Brf is a 
colourless liquid, boiling at 129.5* cent., obtained by passing 
olefiant gas into bromine. . 

BromidC'Of acetyl, C4 H3 Br = Ac Br, a. gaseous body of 
density 3691, of which the preparation fis, the same as that of 
cldoride of acetyl. • 

lodhydrate of iodide of acetyl, C4 H3 I+H I. — This com- 
pound is slowly produced when iodine is *left in a bottle of 
olefiant gas at the ordinary temperature, and sublimes in white 
crystals; but it is best prepare^, according to Regnault, by 
heating iodine to 122 or 140“ in a convenient vessel, and intro- 
ducing pure olefiant gas Into it, till all the iodine is converted 
into a pulverulent yellovr cw white substance. ’The ’compound 
fuses at 172.4“ (78“ cent.), afid may be sublimed in olefiant’gas, 
but not in air without decomposition. Whhn heated* with hy- 
drate of potash and alcohol, there is a disengagement of olefiant 
gas and fbrmation of iodide qf potassium*, and other products 
which have not beea studied. * This body does not furnis^ 
products corresponding with those derived from the chlorhy- 
drate of the chloride *of* ac^l, when decomposed ; it is very 
doubtful, therefore, whether the former it similar in constitu- 
tion to the latter, as represented above. ’ • 

Chhroplatvnate of chloride of acetal, C4ll3PtCl2=C4H3Cl+ 
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PtCl, or AcCl+PtCl. — ^^fhis compound is formed by the action 
of bichloride of platinum upon alcohol, together with aldehyde, but 
it is be«t prepared from ^ double«compound, which it forms with 
chloride of potassium or chloride of ammonium. Pure bichlo- 
ride of platinum containing no free nitric acid is dissolved in 
alcohol ; a small quantb:y of free hydrocfiloric acid, and a quantity 
of chloride of potassium *equa? to one eighth of the weight of the 
bichloride of platinum are ^added to this solution, and the whole 
digested for several hours at the^femperature of boiling water. 

excess of alcohol is removed by distillation, and the residue 
saturated with carbonate of potash. By evaporating at a gentle 
heat the compound in question is obtained in the crystalline form, 
and may be purified Jby new crystallizations. (Liebig^s Traite). By 
dissolving this compound in little water and adding bichloride 
platinum to th^ solution, so long as the double chloride of 
platinum and potassium precipitates, a yellow liquid is obtained, 
wdiich ought to bq evaj>orafed in a dry vacuum in the absence 
of light. There results a gummy mass of a honey yellow colour, 
liable to be blackened by light, which is the chloroplatinate of 
the chloride of acetyl. It dissolves slowly in water and alco- 
hol; theserSolutions,have an acid reaction. The hydrochloric 
acid of Dutch-liquid being represented by proto-chloride of 
platinum, Pt Cl, the compound described and Dutch-liquid may 
be considered as aifdlogous : 

' Chlorhydrate of chloride qf acetyl. . . Ac Cl-f H Cl. 

Chloroplatinate of chloride of acetyl. • Ac Cl + Pt Cl. 

•j 

But various other views of the coniRtl^ution of^ this compound 
have been proposed. 

Chloroplatinate of chloride of acetyl and potassium^ Ac Cl, 
Pt Cl-f-K Cl. — The discovery of this salt, of which the prepa- 
ration has just been described, is, due to Berzelius. It crystal- 
lines in semi-transparent regular prisms, ^ of a lemon yellow 
colour, which abandon 4.625 percent of water of crystalliza- 
tion at 212® and become quite opaquS. Ttris soluble in alcohol, 
and also in 5 parts of hot water, and is less soluble in cold 
water. The solution is partially decomposed when heated to 
194®, metallic platinum being precipitated and hydrochloric acid 
I 
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liberated, wbich last protects the salt from further decom- 
position. • 

Chloride of ammopium and* chloride of sodium form corres- 
ponding double salts with the chloroplatinate, of chloride of 
ethyl. , 

Ammoniacal chloroplaiinate of Monde, of acetyl. — Ammonia 
or the carbonate of ammonia throws down a lemon yellow pre- 
cipitate from the solution of these dqpble compounds, in which 
the chloroplatinate of chlorides of acetyl is united with the ele- 
ments of one atom of ammonia*: Ac Pt Cl2-f-NH3. It is solu- 
ble in alcohol ; sparingly soluble in cold water ; and its solution 
cannot be evaporated without decomposition. 


SE.CTION VI.^ 

PRODUCTS OF THE ACTION OF HEAff UPON* THE ACETIC ACID 
OF THE ACETATES. 

ACETONE. 

t 

Syn. Pyroacetic spirit, mesitic alcohol, Mhydrata of mesity- 
lene {Kane). Empyrical formula C3 H, O. • 

The vapour of strong acetic acid passed through a porcelain 
tube heated to dull redness is decomposedVithout the deposi- 
tion of any charcoal, being converted entirely into the vapour 
of acetone, which condenses, and, a mixture of gases, containing 
carbonic oxide, carbonic acid and carburetted hydrogen. If the 
temperature exceeds a ddll red heat, the products are a brown 
empyreumatic gil, inflaipraable gases and a deposit of charcoal. 
Anhydrous acetic acid contains the elements of 1 atom of* car- 
bonic add and I atom of acetone : 

• 

C, H3 O3 = epa and C3 Qe- 

• 

The acetates of the stronger bases which retain carbonic acid at 
a red heat^ when sijbDjit^ed to destructive distillation become 
carbonates, and supply, no volatile product except acetone. 
The acetates of earths of^which the carbonates are deepmposed 
at a red heat, such as magnesia, afford a mixture of acetone 
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and carbonic acid, when distilled ; and acetates of bases which 
are easily reduced, such* as the acetates of copper and silver, 
yield hydrated acetic aci^, carbohic oxide, r carbonic acid, water 
and acetone, the residuum containing a mixture of the metal 
and highly divided charcoal. Acetone^ also appears among the 
products of the distilktion with an alkali of sugar and other 
ternary compounds of catbon,^ oxygen and hydrogen (page 7 10). 

Acetone may be conveniently prepared by distilling a mixture 
of 2 parts of crystallized acetate -^f lead and 1 part of quick- 
ljf‘ipe.in a salt-glaze jar (greybeard), the lower part of the jar 
being coated with fire-clay, arid a bent glass tube half an inch 
in diameter adapted to the mouth by a cork, so as to form a 
distillatory apparatus. The jar is supported in the mouth of a 
small furnaoe, by which the tower part of the jar only is heated 
to redness, and the vapours conducted* into a Liebig^s condenser. 
The product is redistified from quick lime repeatedly, till its boil- 
ing pdifvt is constant at*13i®. 

Acetone is a limpid colourless liquid, having a peculiar pene- 
trating and slightly empyreumatic odour. Its density in the 
liquid state is almpst the same as that of alcohol 0.7921, and 
the density* of its vr.pbur 2022, air being 1000; its taste is 
disagreeablfi? and analogous to that of peppermint. It is mis- 
cible in all proportions with water, alcohol and ether. Many 
salts which are soluble in alcohol and water are insoluble in 
acetone, particularly chloride of calcium and hydrate of potash ; 
acetone is separated from wate^, by dissolving such salts in the 
mixture of these liquicfs. Acetone is highly inflammable and 
burns with a white flame. 

On rectifying acetone derived froaa the acetates, a less vola- 
tile oleaginous body remains in tfie retort, which has been 
examined by Dr. Kane and named dumasim. This empyreu- 
inatic oil has a disagreeable odour and burning taste ; it boils at 
248® (120® cent.) ; nts composition, is expressed by Cjo Hg 0 ; 
tlje density of its vapour is 5204, and its •combining measure 
4 volumes. ^ 

Metacetone^ C5 Hg O, which is ^so ^ obtainable from sugar, 
has already been described. • 

Dr. Kane who^ examined acetone and the products of its 
decomposition several years^ ago, then assigned to the former 
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the constitution of an alcohol, doubling its atomic weight and 
giving it the formula : 

• C^H^b+HO; 

The bodies derived from it, which I can only notice very shortly, 
were named by him on that theory*. ^ * 

Mesitylene^ H 4 . — This hydrocarbon is an oily colourless 
liquid, obtained on distillin^acetohfe with half its volume of 
fuming sulphuric acid. It is obviously formed by tlie abstrac- 
tion of the elements of 2 atoms of water from acetone. f5al* 
phuric acid, nitric acid and chlorine react upon mesitylcne in 
the same way as they do upon benzin (benzole). Mesitylcne is 
lighter than water; it boils at 276.4® (13.'5.r>® cent.) Later in 
the distillation of the materials which yield that oil,*anoth(ir oil 
which resembles it much passes over, bift^ of \fhich the boiling 
point is more elevated. The formula of the second oil ^ipears 

tobeC6H3. ^ 

Oxide of mesityle^ H 5 O (Kane). — Is obtained on adding 
caustic potash to the chloride of ^esityle ; a limpid colourless 
liquid,' not miscible with water, having ^the* odour of pepper- 
mint ; it boils at 248®. * * 

Chloride of mesityle^ Cg Hg Cl (Kane). — Produced by the 
direct action of hydrochloric acid upon acetone, or by adding 
2 parts of perchloride of phosphorus gradually to 1 part of 
acetone. An oily liquid denser than water, and not misqible 
with that liquid. • # • 

Chloroplatinate of oxide ofmesityle^ Cg H 5 O, Pt Clg (Zeise); 
named metacechlorplatin fliy Zeise. — Obtained^ by distilling a 
solution of 1 proportion* of jiichloride of platinur^ with 2 ^ pro- 
portions of acetone, when hydrochloric acid and an ethereal 
body pass over into the receiver, and a brown acid residue is 
left in the retort. The residue contains a yesinous matter which 
Zeise names the resin of platirnini ; the aqueoiA solution derived 
from washing the gesin, becomes turbid after a time, and ds- 
posits the compound in qi^tion in small yellow crystals which 
lose nothing at 212 ®/ It is slightly, soluble in water; the 
solution is decomposed by ebullition. jMien the mother liquor 
of these crystals is distiUed, there is a disengagement of ^jas, 



798 


ACETONK. 


and a black flocctdent powder is precipitated, which is explosive 
by heat. Zeise has named it pyracechlorplatin. 

Sulphommtilic acid , — |By the *Bcfion of faming sulphuric acid 
upon acetone t]iere is produced among other products, an acid 
of which the salt of lime h expressed b^ : 

csq,C3H3 0+S03. 

This salt loses the elemexujts of half an atom of water by heat. 
Its acid does not correspond witb^ulphovinic acid as the satu- 
rating power of the sulphuric acid in the former is not injured 
by tlie acetone^ while it is diminished one half by the oxide of 
ethyl in the latter. Nor can acetone be reproduced from 
sulpho-mesitylic acid by any means. Acetone likewise affords 
no peculiar ^acid by its oxicktion, as alcohol does acetic acid. 
Hente acetone i^ deficient in what are^ now considered the three 
most essential characters of an alcohol. 

Wli^n 2 measures of, adetone are mixed with 1 measure of 
hydrate of sulphuric acid, and the liquid diluted with water and 
neutralised with lime, a new salt is obtained analogous to the 
former, but containing twice ^as much acetone : 

^ Ga^O, C,E,0,+80,. 

The acid of these salts undergoes decomposition when deprived 
of its base by sulphuric acid, and evaporated. 

By the action of nitric acid upon acetone Dr. Kane obtained 
the .two following bodies, the composition of which, however, 
is somewhat doubtful r 

Nitrite of oxide of pteleyl . . .. C 3 H 3 O+NO 3 ; 

Mesitic aldehyde \ C. H O . 

B/ the action of phosphoric aci'd and of phosphorus with 
iodine, two acids wele also obtained ; phospkomesUylic acid and 
hypJwsphomesitylous acid, the formula of the salt of barytes of 
the latter being, Ba O; Cg Hg O 3 f. 

^ Mmtic chloral, Cg CI3 Oj (Dumas, Kwe).-— Obtained by 
passing dry chlorine through acetone, till the disengagement of 
hydrochloric acW ceases. It is a liqbid 'of penetrating insup- 
portable odour, insoluble in water j density 1 . 33 , and boiling 
poinjt 258.8® (126® centig.) * 
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Chloride of pteleyl, C3 H3 Cl (Kane).-«A crystalline sub- 
stance obtained by passing a current qf chlorine into niesity- 
Icne. 

SpCTION V}L 

ARSENICAL COMPOUNDS DERIVED FROM ACETYL. 

By the dry distillation of equal weights of acetate of potash 
and arsenious acid, a remarKMile Jiquid is obtained known as 
the liguor of Cadet or alcarsin. This liquid may be supposeil Up 
be formed by the abstraction of 2 atoms of carbonic acid from 
the elements of 2 atoms of acetone and 1 atom of arsenious 
acid : 

2 atoms acetone. . O5 

1 „ arsenious acid. . \ A*s 

— 2 „ carbonic acid. Cg • O4 

1 5, alcarsm, . . C4 II5 As O 

This is a body remarkable for ^ts insupportable odour and 
spontaneous inflammability in air. ThetnjoJe of formation and 
oxidability of alcarsin, favour the idea that it belcngs to the 
acetyl series and contains arsenietted hydrogen. In the follow- 
ing scheme of the composition of alcarsin » and its derivatives, 
the former is represented as containing the hypothetical oxide 

of acetyl and arsenietted hydrogen (Liebig) : 

• • 

Alcarsin. , . . Ac O +As H3 

Chlorarsin. . .Ac Cl -f As Hj 

Sulph^sin. * . Ac S 

Cyanarsin. . ^ . Ac Cy+As H3 

Alcargen. . . . Ac Og+^As H3 + HO 

Berzeliu^ however, considering the pre-existence of arse- 
nieted hydrogen in these compounds as improbable, presumed 
alcarsin to be to oxide of a compound radical, which he named 
cacodyl (from <ca«oc,and ^5i/c), in reference to the repulsive 
odour of alcarsin. The ^me theory is adopted by M. Bunsen, 
who has devoted great labour and much* ingenuity to the pain- 
ful investigation of this class of bodies, of wiiich the sensible 
properties are most offensive a^d dangerous. M. Buftseij has 
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succeeded also in isolating cacodyl, the supposed radical of the 

series, a discovery of m\;ich interest for the theory of compound 

radicals. 

« 

CACODYL. 

Formula C4 He As-^Kd. 

Cacodyl is a liquid ^obtained from the continued digestion of 
the chloride of cacodyl with m^etallic zinc at 230®, and dissolving 
out the chloride of zinc formed by water. It is dried by quick- 
lime, distilled in a glass retorfT filled with carbonic acid to 
txckide air and crystallized repeatedly at 21.2® ( — 6® centig.) 

Cacodyl is an ethereal limpid liquid (greatly resembling its 
oxide), of a nauseous odour, which crystallizes in shining prisms 
at 23®, It takes fife spontaneously in air and in chlorine gas, 
with<the foAnation of a cloucf of white smoke. It sinks in water, 
in which liquid ft is insoluble ; it is soluble in alcohol and ether. 
Its boiling point is, about ^338® (1 70® cent.); the density of its 
vapou‘f‘’by experiment* 7101, by theory 7^81 ; its combining 
measure 2 volumes. Its vapour is decomposed at a red heat 
into arsenic, olefiant gas and Jight carburetted hydrogen. 

Oxide of cacodyly alcarsin^ C4 H0 As-}-0 == Kd O.-^Is pre- 
pared by tlfe distillation of a mixture of equal weights of dry 
acetate of potash and arsenious acid. At the same time metal- 
lic arsenic distils pver, with acetic acid and acetone which 
float in the receiver above the fluid alcarsin. The latter is ol)- 
tain^d pure by washing with water free from air, and by distil- 
lation from quicklime ?n a retort filled with hydrogen gas, and 
from which atmospheric air is most carefully excluded. Oxide 
of cacodyl iis alsg produced by the dfrect oxidation of cacodyl 
from, slow accfss of air; and also fi^jfoi'the partial reduction of 
cacodylic acid by phosphorous acid. 

Oxide of cacodyl is an ethereal limpid liquid, of very consi- 
derable refracting power, 1.7^2; it boils at aboutlF302® (1 50® 
cent.), and solidifies in the form of white silky plates at —9.4® 
(-t^ 23® cent) Its odour suggests that of arsenretted hydrogen, 
is most disgusting, and provokes a.popious flow of tears. The 
density of its vapour is 7^55 by experiment, and 7833 by theo- 
17; its combining m^sure 2 volumej?. It takes fire sponta- 
neously in air and burns with a white flame and strong odour. 
Taken internally 'alcarsin ista vi<jlent poison. 
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Oxide of cacodyl is l)ut slightly soluble in water, hut dis- 
solves in all proportions in alcohol and ether. It dissolves in 
caustic potash colouring the latter brown ; dilute nitric acid dis- 
solves it without diserigagement of gas, but when heated decom- 
position occurs. Oxide of cacodyl dissolves phosphorus, sul- 
phur and iodine; the solution of thfc last is colourless and 
deposits crystals, which disappear ag^iri when an excess of 
iodine is added. It combines witlilthe hydrate of sulphuric acid, 
forming thin needles which ^have an* acid reaction and are 
deliquescent. Besides combining ivith acids, oxide of cacodyl 
combines also with salts. When its solution in alcohof Ss* 
mixed with a solution of chloride of mercury, a white precipitate 
falls, soluble in hot water and crystallizing from it, which is a 
compound of 1 atom oxide of cacodyl, and ST atoms chloride of 
mercury. This compound is inodorous. It yields with hyi^ro- 
cliloric acid, chloride of mercury and *c^iloriSe of cacodyl. 
Oxide of cacodyl forms a similar coanpound with broinMe of 
mercury. It reduces the salts of the suboxiHe and oxme of 
mercury. 

Cacodylic acidy alcargeriy HO, Hg As O3 = HO + K^ O3. 
— Cacodyl and its oxide left under water ^,0 the slow action of 
air, oxidate so as to become cacodylic acid. The^ hydrated 
acid crystallizes in large colourless prisms, is inodorous, not 
poisonous, fusible, soluble^ in water and ii# alcohol. It is 
reduced to the state of cliloride of cacodyl by chloride of zinc, 
and to the state of oxide of cacodyl by phosphorus acid. 
Alcargen has a feeble acid feadtion ; it* combines with the 
alkalies, giving rise to compounds which have the aspect of gum 
and are not obtained undei> regular forms. It (Ussol\es in the 
hydrate of sulphuric acid witffQUt being modified ; isinot attacked 
by anhydrous sulphuric acid, and is oxidatec^ with difficulty by 
nitric acid and aqua regia, 

M. Bunsen adds one atom oxygen* to the formula for 
alcargen, but Liebig has shewmtl^at the formula as given above 
is more in accordance* with Bunsen’s analysis of alcargen than* 
bis own view. 

Sulphuret of cacodyly Cf^ ifg As + S = JCd S, may be obtained 
directly by uniting cacodyl ^with 1 atom sulpimr, or by the 
distiilsrtion of chloride of cacodyl with sulphuret of potassium. 

2 G G 
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This body is also a product of the decomposition of oxide of 
cacodyl by sulphurette4 hydrogen gas. It is an ethereal liquid, 
of a highly disagreeable smell, iwhich does not fume in air, is 
heavier than water and insoluble in that liquid. The density of 
its vapour is by experiment 7B10, by calculation 8390, its com- 
bining measure 2 volumes. It is resolved by hydrochloric acid, 
into sulphuretted hydrogen and chloride of cacodyl. 

Persulphuret of cacodyl of the composition 2C4H6As-f 
5S == 2 Kd+5S, is formed wh^ sulphur is dissolved in the 
preceding compound or in caco/lyl itself. It may be crystallized 
‘ffofti ether in colourless prisms, which fuse at 109.4® (43® cent.) 
A protoseleniuret of cacodyl has also been formed. 

Chloride of cacodyl^ As-hCl == Cd-f Cl, is formed by 

the digestion of oxiUe of cacodyl in hydrochloric acid, or by the 
slo\t action of chlorine on cacodyl. ^ It is a colourless ethereal 
liquid, which does npt fume in air, does not solidify at ^49" 
( — 45® cent.), and is converted a little above 212® into a colour- 
less vapour, which iniiames in the air. Its odour is extremely 
penetrating and stupifying. The density of its vapour is by 
experiment 4560, by calculation 4860; its combining measure 
2 volumes. Chldride^ of cacodyl combines with metallic chlo- 
rides. " • 

Similar compounds of cacodyl with bromine^ iodine, and 
fluorine have been /ornied . 

Oxichloride of cacodyl, Kd 0 + 3 Kd Cl, is formed by treat- 
ing the chloride with water, or by distilling it with hydrochlo- 
ric acid. The density , of iti# vapour is by experiment 5460, 
by calculation 5300 ; its combining nicasurc 3 volumes. It is a 
liquid ver^y like the oxide, boilingiut 228.2® (l09® cent.) A 
corresponding oxibromide of cacorfy?and an oxyiodide of cacodyl 
have been formed., • 

Cyhnide of cacodyl, C4 Hg As+N 03 = Kd Cy, is produced 
by the distillation of^concentrated hydrocyanic acid or of a so- 
lution of cyanide of mercury with oxide of cacodyl. It crystal- 
lizes in fine prisms of a diamond lustre, 'highly limpid, which 
emit a strbng and insupportable od^nr.^ Ijt is insoluble in water, 
fusible at 91.4® (33® cent.) and crystallizable by cooling. Its 
density in the state oiWapour is 465(V by experiment, and 4540 
by calculation ; ks combining measure 2 volumes^ The cyanide 
is tl}e most poisonous of the coii^pounds of cacodyl. 
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It will be observed that oxide of cacodyl or alcarsin corres- 
ponds in composition with alcohol, if As is supposed equivalent 
to O. 

Alcohol. . . II, o + no or 

Alcarsin. . C 4 II 5 As + pO or O As 

But as alcarsin is the oxide of a radical raeodyl, C 4 Ilf; As, pur- 
suing the analogy, alcohol should \e the oxide of a correspond- 
ing radical Hfj O. Chemists will wait with interest for the 
investigations of M. Bunsen, ilbistrative of this point. In the 
meantime a doubt may be entertained whether the arsenic \n 
alcarsin replaces the oxygen of alcohol, or whether there is any 
close relation between these two compounds. Tlieir primary 
binary, or molecular structure is possibly 'very different. In 
the ether constituent of alcohol we have probably 3 C zirR?ous 
or positive, and 5 H + O chlorous. Whil^j in cacodyl, we have 
4C^-As zincous, and 6 H chlorous; «o that*placing the zuicous 
constituent to the left (as usual) and the chlorous to tlio right, 
we have the molecular formula for cacodyl as follows ; 



Cacodyl is thus represented as an association of acetal and arse- 
nietted hydrogen, forming together a compound radical, which 
^is combined in alcarsin, with 1 atom of oxygen and in alcargen 
with 3 atoms of oxygen. 

SECTION vnrr • 

ON THE RELATION BET^VEEN THE ETHYL AND AMMONIUM 

SERIES. 

• 

A remarkable and highly interesting parallelism exists be- 
tween these two series of compqunds, to which the attention 
of chemists was first directed by Dr. Kanow It will be observed 
that acetyl has the relation fo ethyl, which 'amidogen has to 
ammonium, the more compound radical in both cases contaiit- 
ing 2 atoms more qf Jiy^T^gen than the simplor.* We may 
suppose the ethyl compounds to contain acetyl, as the ammo- 
nium compounds are supfsosed, on one view, to .contain amido- 
gen ; and when thus resolved the analogy of many of the ethyl 
to ammonium compounds is vew striking. The principal ^ifie- 
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rence between the two series depends upon a chemical diffe- 
rence in the characters pf their radicals ; acetyl being capable of 
forming acids, while amidogeil does not possess that pro- 
perty. 

Expressing amidogen NH2 by Ad, and acetyl C4 H.j by Ac, 
the following pairs of Compounds frbm the two series will be 
found to correspond in, composition, differing only in the one 
containing acetyl while the other contains amidogen. (Liebig^s 
Traite). 
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several other substances also arrange themselves in the series of acetyl. 
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SECTION IX. 

LACTIC AND VISCois FERMENTATIONS. 

At a temperature between 86 and 104% the saccharine juices 
of plants containing albumen or other ‘ azotised matter, undergo 
a species of fermentapqn, which is different from the vinous, 
combustible gases being cvolVed with carbonic acid, and a gummy 
matter formed, having tlie composition of gum arabic, which 
renders the liquid ropy and thick, and hence the application of 
lli8 • name viscous to this fermentation. On examining the 
liquid after effervescence ceases, it is found \o contain no alco* 
liol, but two new substances, in large quantity, namely mannite 
and lactic acid, which together contain the elements of dried 
graj^ sugaf , minus 1 atom of oxygen : 

r 

Maniiite Cp 

Lactic acid. . . . Og 

ft- 

MM. Bputron arid Fremy have lately observed that the 
formation of lactic acid precedes that of the other products, 
and that it may be produced alone, without the evolution of 
any gas or formation of mannite. Diastase and caseum after 
the]^ have undergone a modification by a few days’ exposure in 
a humid state, to air, are of all organic matters containing 
nitrogen the most efficient in determyiing the lactic fermenta- 
tion. Air jdoes jiot interfere by its c lements, unless in trans- 
forming the ftanimal matter into tlie lactic ferment. The 
membranes of the s^tomach of the dog and calf have no action, 
when well washed with cold water and fresh, on neutral subs- 
tances, such as sugar and dextrin, but after being preserved for 
some time ip water, they acquire then' the property to transform 
such matters rapidly into lactic acid. These membranes some- 
times proddoe another acid, diflfering from, the lactic, of which 
the salt of lime is insoluble in alcohol, while the lactate of lime 
is readily soluble in tKa^^; liquid. The substance of bladder after 
being exposed humid till it begins to decompose, also excites 
the lactic fermentation. 
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Diastase after being exposed two or three days to humid air 
undergoes a modification, ani acquire the property of trans- 
forming starch into Igictic acid,\iaking it pass probably through 
the intermediate state of dextrin. Hence ^ malt, slightly 
moistened and exposed to air for tyo or three days, when 
afterwards pounded and' placed in wa*ter^ kept at a temperature 
of from 6*8® to 77^ becomes warpi, and after a few days, the 
liquid is found to contain much li^ctic acid. This is a pure 
lactic fermentation, without»a/iy j^roduction of mannite. But 
animal matters prepared in a similar manner often modify sujgjy: 
quite differently, very little lactic acid is formed but con- 
siderable quantities of mannite and the viscid matter. Fre- 
quently indeed the sugar is wholly changed into alcohol and 
carbonic acid. The albuminous ferments in different stages of 
decomposition produce diflerent ferrncyitatious. (AnnaJos de 
Chimie, &c., 3 serie, ii, 257.) 

LACTIC ACID. 

Formula of the acid combined with oxide of zinc : 

CgUA=L; of the hydrated acid 0 ^ 11505 = HOL,; 

of the sublimed acid CGH 4 O 4 . * ^ 

Other sources of lactic acid, are the whey of milk, in which 
it is formed while the latter becomes souis, human urine, and 
probably most other animal fluids, the juice of fermented 
cabbage or sour-crout, and the fermented extracts of rice^ and 
of nux-vomica, the spent ley cJF taimess,* and the sour water 
of the starch manufactijre, firom which lactic acid has been 
prepared for sale, . 

The process* for lactic "acid recommended by Boutron and 
Fremy consists in mixing 8 or 12 pints of jnilk, with absolution 
of 8 or 12 ounces of milk sugar^in water, and leaving the liquid 
exposed to air in an open vessel * for -several days, between 
68 ® and 77 ®. The liquid beSng now found very acid, is neu- 
tralised with bicarbonate of soda ; after twenty four or thirty 
hours, being again, agid^ 4t is saturated, and the saturation 
repeated till all the milt sugar is converted into lactic acid. 
When it is supposed that the transformation is cony)lete, the 
milk is boiled to coagulate the caseum; and^he liquid filtered 
and evaporated to a syrupy #conmstence, with caution, at a 
moderate temperatul*e. The product the evaporation is 
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taken up by alcohol at 100% which dissolves the lactate of soda. 
Sulphuric acid added in proper quantity to the alcoholic solution, 
forms s;alphate of soda, which pifecipitates, and the liquid yields 
by evaporation lactic acid nearly pure. To purify the acid, it 
may be converted into lactate of lime, which crystallizes imme- 
diately in tufts which ate perfectly white. From this salt 
lactic Hcid may be again* separated by means of sulphuric acid. 
Or, the original lactic acid may be saturated with any other 
base, and crystallized lactates obtained in a very short time. 

Concentrated to a maximum by evaporation, lactic acid is a 
tSfck, colourless, uncrystallizable liquid, of density 1.215, with- 
out smell, and having a strong sour taste, which is scarcely 
sensible when the acid is dilute. It is soluble in water and 
alcohol. Lactic acid dissolves the phosphate of lime, a property 
which some acids, particularly the acetic, do not possess ; it 
coagulates milk when warmed. When heated to 4ST (250^ 
cent.), it undergoes ^ decomposition, water and several other 
secondary products appearing, but the principal product being 
a white crystalline sublimate, of which the composition is 
C^,H 404 ; that is, anhydrous lactic acid minus 1 atom of 
w’ater. 

This new: acid may be purified by dissolving the sublimate in 
boiling alcohol, from which it precipitates on cooling, in the 
form of rhomboidal tables, of a brilliant whiteness, which have 
a w'eak sour taste, are fusible at 224.6® (107® cent.), and sublime 
at 4'32® witliout alteration. These crystals are very slowly 
soluble in cold water/ but dissolve easily in boiling water ; the 
acid then assumes 2 atoms of water and returns to the condition 
of hydrated lactic acid. 

In the lactates, the single atom of basic water only of the for- 
mula is feplaced by r metallic oxide ; no acid lactates are known, 
but some basic salts of zinc and the magnesian metals appear to 
exist, which have not been studied. They are all soluble in 
water; lactate of zinc is the most sparingly soluble. 

^Lactates.—lSo lactate of oxide of ethyl has been formed. 
The lactates df potash^ soda and ammonia azre deliquescent, and 
do not affect a regular ^orm. The lactate of is similar. 

Lactate of lime Exists t6 the extent of’ 2 or 8 per cent in nux 
vomica. It crysttfllizes in colourless needles radiating from a 
centre, wliich contaii^ 6 atouiAS of i^ater of crystallization. Lac- 
tate of xinc is crystaljized by the cooling of a boiling solution. 
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in four-sided prisms, terminated by summits truncated obliquely; 
they contain 3 atoms of water^ Alcohol produces in the aque- 
ous solution a white precipitatB of a basic salt, which djssolves 
in water and crystallizes; it appears to contain 3 atoms of 
oxide of zinc. Lactate of magnesia crystallizes in small plates, 
containing 3 atoms of Abater ; it disscflvcs in 3Q parts of cold 
water. The lactates of alumma^^ nickel, lead and merely arc 
very soluble in water, and do^not crystallize in a regular 
form. Lactates of protoxide^qf iron,*FeO,L + 3HO, of oxide of 
copper, CuO,L + 2HO, and of silver are crystallizalde. 

Lactate of urea was discovered by MM. Cap and Hcnry*in 
urine. It may be formed artificially by the double decompo- 
sition of lactate of lime and oxalate of urea, the oxalate of lime 
being separated by a filter, and the; liquid evaporated by a gentle 
heat. The evaporation terminated in vacuo pear concen frated 
sulphuric acid. Lactate of urea crystallizes in colourless hexago- 
nal needles, of a sharp and cooling taste^ wlfich are delict scent. 
At a moderate heat it enters into fusion, and sublimes without 
alteration. Lactate of urea differs from the oxalate and nitrate 
of urea in not containing 1 atom of water of combination wiiich 
these possess. 


SECTION X. 

OIL OF GRAIN-SPIRITS OR FOUSEL OIL, AND BODIES DERIVED 

FROM IT. 

AMYL SERIES OF COMPQUJ^DS. 

Amyl, CjQ Hi^=Ayl ; .the hypothetical radical of a series of 
compounds, of which thtfjiydrate of the oxide ha.'i long been 
known as fomU oil, oifas«the oil of grain-spirits or potatoes, 
as. it is produced in the •fermentation •of unn\altftd grain 
and potatoes, along with alciihol, and distils over with the 
latter. It has been studied very fully* by M. Cahours (An* 
de Chim. &c. lxX| 81, and IXxv. 193), There is every rea- 
son for considering this body as an alcohol, the most strikRig 
analogy existing between oil of potatoes and ordinary alcohol. 
This will be made suffic/ently evident*b the following table, in 
which the corresponding compounds flf the e>hylic ^nd amilic 
series are compared : 
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Olefiant gas (etherene) t;4tl4 AmUene - t^ioHio 

Aldehyde C4H30,H0 Amilic aldehyde CioHgO,HO 

Acetic acid C4H3O3, HO Videric acid CioHg03,HO 
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HYDRATE OF OXIDE OF AMYL. OIL OF POTATOES, AND OF 
GRAIN^PIRITS.. 

Syn. Fousel oil, ardilic alcohol, bihydrate of amylene ; Cj^jTTjjO, 
HO (Dumas). 

In distilling the fermented wash o6* grain or potato spirits, a 
milky liquid comes over towards the end df the jirocess, and an oil 
subsides after a time, which is hydrate of oxide of amyl, mixed 
with nearly an equal quantity of alcoftol and w’ater. To purify the 
crude product, it is agitated whh \rater several times, left in 
contact with chloride of calcium for some time, and distilidtl 
again. The alcohol and water come off first, and the boiling 
point of the liquid rises to 26D®.6 (132" centig.), when the re- 
ceiver should be changed, as what then pal^ses over is perfectly 
pure. 

Hydrate of oxide of amyl is a colouflgss, Innpid, oily liquid, 
of which the odour, at first agreeable, soon becomes raijk and 
nauseous. The inspiration of its vapdur odcasions spasmodic 
pains in the chest, with coughing and even vomiting. It burns 
with a bluish white flame. Its t^ste is very acrid. It stains 
paper, but the stain disappears after a time. The density of 
this liquid is 0.8124 at 59"; its boiling portit 269".6f the density 
of its vapour 3147, of which the combining measure contains 
4 volumes ; it freezes at — 2 or — 4" in^ crystalline leaflets. 
Water dissolves a small quantity of it so as to acquire the odour 
o£ the oil ; it is miscible in all proportions with acetic ^cid, 
alcohol, ether, the fat and essentfal oils. , It may be mixed also 
with solutions of caustic potash and soda ; when heated with 
hydrate of potash, hydrogen gas is given off, apd th^ valerate of 
potash formed* Whe» ^jstilled with anhydrous phosphoric 
acid, it yields a liquid hydrocarbon, to which Cahours has given 
the name of amilene. 

Hydrate of oxide of amyl unites directly with bichloride of 
tin, according to Gerhardt, •and forms a crystalline compound, 
which is decomposes by water. • 

Chloride of amyl^ C,.H J1,C1 = Ayl Cl. Tlns.dbmpound is 
obtained by distilling eqdal parts of oi] of potatoes and perchlo- 
ride of phosphorus. 1^ a state of pJRty, it^ is a colourless 
liquid, of a pretty agreeable odour, insoluble, in water, bftiling 
about215".6 (102® centig.), perfectly neutrallbo test-paper, and 

ilver 
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Chlorimted chloride of CL This substance is 

the ultimate product of the actio|. of chlorine gas upon the oil in 
a bottle exposed to the sun, and is formed by the substitution of 
8 atoms of chlorine for 8 atoms of hydrogen. It is a colourless 
liquid, of a strong odour/v^uggesting tht,t of camphor. 

Bromide and iodidi of amyl were also formed by Cahours. 
Caustic alkalies dissolved in water attack them with difficulty, 
but the same bodies dissolved in alcohol decompose these ethers 
with much facility. The iodide of amyl is produced by distilling 
^t( a gentle heat, a mixture of 8 parts of iodine, 15 parts of 
hydrate of oxide of amyl, and I part of phosphorus. The 
density of its vapour is 66/5, and combining measure 4 
volumes. 

Acid sulphate of oxide of amyl^ sulphoamilic acidj is formed when 
the barytes of the following salt is exactly precipitated by dilute 
sulphuric acid ; it may be evaporated to a syrupy consistence in 
air or m vacuo, and is Sometimes obtained in the form of very 
fine needles. Its solution is decomposed by heat. When 
neutralised with bases, it forms a class of salts, the sulphoami- 
lates, which are all •soluble in water. ' 

Sulphate ' of oixde of amyl and barytes^ BaO. AylO, 820^+ 
3 110/ This salt is prepared by mixing equal parts of concen- 
trated sulphuric acid and hydrate of oxide of amyl, and neu- 
tralising with carbonate of barjtes ; sulphate of barytes precipi- 
tates, while sulphate of. barytes and oxide of amyl remains in 
solution, and may be, crystalKzed by evaporation after being 
purified by animal charcoal. It forms pearly crystalline leaflets, 
which are very soluble in water and in alcohol, but scarcely 
dissolve in eth^er. JThe crystals contshri'^ atoms of water ; when 
dried at^212® they retain only 2 atoms; the dry salt is decom- 
posed at 892® (200® centig.) Its solution is decomposed by 
boiling, with escape of hydrate of oxide of amyl. 

Sulphate of oxide of amyl and potash forms colourless needles 
o? plates, grouped about a common centre, is very soluble in 
water and alqohol, and has a very bitter taste. 

Sulphate of oxide of amyl and lead crystallizes with 2 atoms 
of water. Its aolutipCrris decomposed by ebullition, like that 
of the salt of barytes. The salt of lime is similar in compo- 
sition. ‘ 
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Jkatate of owide of amyl^ 3O3 — AylO, AcOg. 

It is produced by distilling a mixture of 2 parts of acetate of 
potash, 1 part of hydrate of o?ifde of amyl, and I part of con- 
centrated sulphuric ‘acid. It is a colourless liquid, of •an aro- 
matic and ethereal odour, lighter than water, boiling about 257 ® ; 
insoluble in water, but aoluble in alcohol, ether, oil of potatoes, 
etc. Placed in contact with an aqueous tjolution of potash, it is 
altered very slowly ; an alcoholic isolution of the same base, on 
the contrary, alters it rapidly, an alkaline acetate is produced, 
and 'the oil is regenerated. ITie *density of its vapour is 4475, 
and combining measure 4 volumes. 

Chlorinated acetate of oxide of amyl^ O -f- C4 II3 O3. 

This compound is formed when the tacetate is saturated 
with chlorine gas at a temperaturfe increasing to Jt is a 

colourless neutral liquid* insoluble in water ;* and corresponds 
in cpmposition with the chlorinated acetif ether of Malaguti. 
It is a liquid body, which becomes y(illow,*and is altered by a 
heat above 302 *^. When exposed again to chlorine gas in sun- 
shine, tins liquid absorbs the gas^ and a crystalline product is 
formed containing more chlorine, but which has not been 
analysed. 

Valeric or valerianic acid^ HOjCiqIIq^s* *of potatoes 
becomes acid when kept in contact with air. M. Cahours 
has observed, that if platinum black be Incited, and the oil be 
allowed to fall upon it drop by drop in no greater quantity than 
is imbibed, oxidation occurs, tnd an acid liquid volatilises, 
which has all the properties of valerianic acid, the acid obtained 
by distillation of the root of valerian {valeriana officinalis) witli 
water. Tw^o |itoms hj'drogen in the oil are r^laced by 2 
atoms of oxygen. Oil of pot^oes corresponds in tfiis resgect with 
alcohol and wood-spirit, which are converted in sinrilar circum- 
stances, by the substitution of *2 atoms ^ of oxygen for 2 atoms 
of hydrogen, into peculiar geids, the acetio and formic acids. 
But valerianic acid tras first obtained from the oil by MM. Du- 
mas and Stass, by distilling it with hydrate of jjotasli. One 
part of the oil was*coVere(l in a retort by about 10 parts of a 
mixture of equal parts of hydrate of potash ari(^ quicklime ; and 
distilled by a metallic batt at about 392 " (200o^centig.) , -hydrogen 
Kas comes over, and valerate of potash is formed. Tlie mass is 
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neutralised by a slight excess of sulphuric acid, and distilled to 
separate the valeric acid. At the same time, a portion of hy- 
drate of oxide of amyl* comes Vver, accompanied by a liquid 
having the composition of a valeric aldehyde. 

Obtained from pure valerate of soda, mixed with a slight 
excess of phosphoric acid J valeric acid i^ a colourless oil, lighter 
than water, and possessed of a persistent and characteristic 
odour ’which recals that of tSe root of valerian, with a sharp 
and acid taste. The protohydrate produces a white spot on the 
tongue; its density is 0.937 at 'GP.? (16^.5 centig.) ; it boils 
without change at about 347*^ ( 17 ^® centig.) ; it remains liquid at 
5^. It inflames easily, and^ burns with a white and smoky 
flame. The density of the vapour of this hydrate is 3660 by 
experiment, 3550 by theory ; its combining measure 4 volumes, 
in which respect it differs from acetic acid. Valeric acid, 
agrees, however, with that acid in forming a terhydrate, the 
condition in which valeric acid is always obtained when separated 
from itsT aalts dissolved ill water. Placed in contact with water, 
valeric acid dissolves a certain quantity of it ; the water on its 
part dissolves the acid considerably. 

Valerates. — These salts arc in general soluble in w^ater. The 
valerates potash and barytes are not crystallizable. The 
valerate of silver is a heavy crystalline powder, of sparing solu- 
bility, which might be confounded, from its appearance, with 
the fulminate of the same metal. 

MM. Dumas and Stass formed two acids by the action of 

chlorine upon valeric hc)L([^chlorovale)isic acid, 0,^ O.^ + IIO, 

in which 3 atoms of hydrogen are replaced by 3 atoms of 
chlorine, and chlorovalerosic acid, O3 + ITO, in which 4 

. atoms of'hydrogen alre replaced by 4 atoms of chlorine.— (An, 
de Chim. l^ii, 136.) 

Amikne, CjoHjq^ a liquid hydrocarbon, obtained by distilling 
hydrate of oxide of amyl repeatedly with anhydrous phosphoric 
acid. It is colourless, possesses a peculiar aromatic odour, is 
lighter than water, and contains no oxygen. It boils at 320“ : 
the density of its/ vappaif is 5061 by experiment, and 4902 by 
calcu^ion, its combining measure 2 volumes. 
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SECTIjpN XI. . 

EThEREAL OIL OF WINES. 

The characteristic odohr of wine by* which it is distinguished 
from dilute alcohol, is due to a particul^r^substance, possessing 
the properties of an essential oil, “‘This is common to all wines, 
and is not to be confounded with thrf principle which is gene- 
rally termed the flower, or 'bouquet of individual wines, 

which is not volatile, and appears to be different in divers# 
kinds of wine and to be altogether wanting in many kinds. 

This oil is less volatile than alcohol, and a small quantity of 
it is found in the still after the distillation of a large quantity of 
wine. The same oily liquid is also obtained on cflstillin^ the 
lees of wine, especially what is deposited ^t tlie bottom of the 
tun after the fermentation has begnn. I4 constitutes ?^bout 
Tjjhnr part-of wines. This oil belongs td the dlass of cornpound 
ethers, and contains a new acid, which has been named oermn- 
ihic acid^ in combination with ethier ; the oil, therefore falls to 
be named oenanthic ether. 

(Enanthic ether y C 4 H 50 ,Ci 4 Hi 302 . I'he crude ether con- 
tains a variable quantity of free acid in a state o? mixture ; 
being more volatile than the acid, the oil may be separated from 
it by a simple distillation, collecting only the first fourth of the 
product. To obtain it perfectly pure, it is preferable to agijate 
the oil frequently with a hot solution of cp^honate of soda, which 
dissolves the free acid without altering the ether. . The small 
quantity of water and alc<|hol it retains may be^withdrawn from 
it by digestion with chloridf pf calcium. ‘ ^ 

The ether purified in this,manner, is very fluid, colourless 
with the odour of wine extremely strong, an J almost intoxicating 
when closely inspired. Its taSte is very strong and disa- 
greeable^ It dissolves easily iu ether and *in alcohol, even 
when the latter is pretty dilute ; water does not sensibly dis>- 
solve it. Its densitjr is 0.86#, its volatility very fe$ttle ; it boils 
between 437 and 446®* (2^5 and 230®.centig.) ; the ^density of 
its vapour is by experime^ 10508, by celiulati^ 10476.9, its 
combining measure 2 volumes. CEnanthic e^her is instatitljr 

* Frqpfi uvoi wine, and avOvg er. 
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decomposed by caustic alkalies, but is not sensibly affected by 
alkaline carbonates, nor by ^^imonia. When boiled with 
caustie potash, it disappears in a few seconds, a considerable 
quantity of alcohol distils over, and the liquor contains a com- 
pound of oenaiithic acid.^and potash, yliich is very soluble in 
water. i 

CEhanthic acid, KO,’ 014^^1302. When separated from its 
alkaline combinations, well washed with hot water and dried, 
this acid, at 55®.7i is of the cons‘isfcence of butter and perfectly 
ffl^iite, but at a higlicr temperature it melts and forms a colour- 
less oil, without taste or odour, which reddens litmus, dissolves 
easily in caustic alkalies and in alkaline carbonates. It dissolves 
easily in alcohol and ether. This acid, like all the fatty acids, 
forips two^ series of salts,* one acid in composition, without, 
however, manifesting a sensible acid ‘/e-action, the other neutral 
in composition, which exhibits a well-marked all^aline re- 
actioiK ^ t 

Hydrated cenanthic acid submitted to distillation abandons 
its water, and becomes anhydrous, C14H13O2, water and a little 
of the hydrated acid distilling over. The boiling point of the 
anhydrous#acid is mpre elevated than that of the hydrated acid, 
as also is •the point of fusion of the former ; fused anhydrous 
cenanthic acid becoming solid about 87‘'.8 (31® centig.) 

CEnanthic ether* may be reproduced by means of the isolated 
cenanthic acid. When 5 parts of sulphovinate of potash are 
heated with 1 part of hydrgited cenanthic acid, the mixture 
fuses ; and if it is hea?ed to 30i® (150® centig.), an oily liquid is 
seen to form on its surface, which is a mixture of cenanthic 
ethei* anc? oenahthic acid still free^j ^ If this oily layer be sepa- 
rated and he&ed with a solution df carbonate of soda, the free 
acid is*dissolved ati^l the ether remains in a state of purity. 


CHAFTER hi. 

PRODUCES O^iTHE dry distii*lation of wood. 

* iTie principal/ products of the destructive distillation of wood 
at a red heat, ar^ the cfiarcdal whiph remains in the retort, 
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gaseous compounds of carbon, a watery fluid containing acetic 
acid, and a black odorous oi]y«rfifiass, known as tar. The two 
last products are highly variable mixtures of a great many sub- 
stances, of which the one that demands our fipst attention is 
pyroxylic spirit, or wood spirit. 

SECTION T 

METHYL SERIES •of 'COMPOUNDS. 

Formula of methyl, C 2 H 3 =Me. 

A volatile combustible sjiirit, soluble in water, was first ob- 
tained from the dry distillation of wood by Mr. P. Taylor. 
The comp'' ^ bn and chemical nature of this spirit j^nd of the 
compou..as It forms, with their extraordinarji parallelism to 
alcohol and the compounds derived from •alcohol, were ascer- 
tained by MM.* Dumas and Pcligof, ajid ^p^blislied irv Itheir 
important memoir on wood-spirit (An. de Ch. Iviii, 5). Wood- 
spirit is the alcohol of a particular series of compounds, being 
the, hydrated oxide of a new radical methyl, which resembles 
ethyl perfectly in its functions, but difi:er«^m its co^nposition, 
containing 2 atoms less of carbon and 2 atoms less ofJiydrogen. 
The oxide of methyl is a base like the oxide of ethyl or ether, 
and forms acid and neutral salts like the latter*. By the abstrac- 
tion of 2 atoms of hydrogen from methyl, another radical for- 
myl is produced, as acetyl is derived from ethyl, and having^an 
acid oxide formic acid, corresponding with'afcetic acid. Methyl 
has not been isolated. 


OXIDE *OF METHYL. 

t 

Formula C 2 H 30 =Me 0 . 

Syn, Methylic ether . — This compound is prepared by dis- 
tilling wood spirit vrith 4 parts of sulphuric acid, and trans^ 
mitting the gas which comes over first through a bottle contain- 
ing milk of lime ainJ aftefwards through several bolfles filled 
with pure water. The latter dissolves •tI\^^ of etliyl ; the 
gas is evolved on boiling it^ solution, and must be* collected aver 
mercury. Oxide of methyl is a colourless gas* of an agreeable 
ethereal odour, not liguified ^y a cold of“?y3^2 (—16*' efint.), 
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and combustible; water dissolves 37 volumes of this gas, alcohol, 
hydrate of oxide of methyl concentrated sulphuric acid 
much iarger proportions. It separates from the latter, on dilu- 
tion with water ; the density of the gas is by experiment* 1605, 
by calculation 1570, and, its combining measure 2 volumes. 

Oxide of methyl combines directly with the vapour of anhy- 
drous* sulphuric acid, iii a glass balloon carefully cooled, and 
forms the neutral sulphato of oxide of methyl (Rcgnault). 


HYDRATE OF OXIDE OF METHYL, OR WOOD SPIRIT. 


Formula, C^H^Od- HO=:MeO + HO. 

Syn. Pyrowylic spirit^-An the process of purifying the 
vinegar from wood, the crude acid is saturated with lime and 
concentrated by evafjoration. The first portion of liquid which 
distits-over contams the wood spirit, which is concentrated by 
repeated rectification. The wood spirit or pyroxylic spirit of 
commerce is a heterogeneous mixture, containing besides the 
hydrate of oxide of methyl which forms the larger part of it, 
acetone and several .o^her combustible liquids. ’ To purify the 
W'ood spirit it is poured over an excess of chloride of calcium 
in a retort, and distilled by a water-bath heat, which expels 
acetone and other liquids and leaves the wood spirit united with 
the chloride of calcium. A measure of water equal to the 
original volume of the wood ^spirit is then added to the retort, 
and the distillation continued; the latter liquid comes over 
diluted with a small quantity of water, from which it may be 
separated/ and obtained anhydrous Ijy another distillation from 
quicldimc. ^ *' 

Wood ^spirit is ta volatile colourless liquid, of an alcoholic 
but at the same time empyreumatic smell and taste. It is very 
inflammable and, bufns with a pale flame like alcohol. It is 
neutral, mixes when pure with’ water, without becoming turbid, 
and is also miscible with alcohol and ether. Its density is 
0.798 at^S*'; it boils at 140® according to* Kane, and at 151®.7 
(66" .5 cent.) ac^rdiyg to Dumas. The density of its vapour is 
by experimenir 1120, by calculation*! 110; its combining mea- 
sure 4 volumes, cf 

Hydrate of oxi^j of mAhyh dissolves, with the aid of heat, 
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small portions of sulphur and phosphorus; it dissolves also 
mapy resins, and is used in ^r^laking spirit varnishes, and 
mixes with most volatile oils ; its solvent power is indeed very 
similar to that of alcohol. Wood spirit is acted upon by 
chlorine, peroxide of manganese and sulphuric acid and by other* 
oxidating agents, like alcohol, yielding anfjlogous products. It 
is also decomposed by potassium, jyith disengagement of •j^ure 
hydrogen* , 

Anhydrous barytes is dissolved, by pure wood spirit with 
evolution of much heat, althoughTnot dissolved by alcohol, £^n^» 
a compound formed MeOjIIO + BaO, which crystallizes in 
needles of a silky lustre. Wood spirit likewise dissolves 
lime. 

Chloride of calcium dissolves in Wood spirit and <;rystalljzes 
from a strong solution in large hexagonal tables, which deliquesce 
in air ; they contain 2 atoms of hydrate 'of oxide of methyl 
united with 1 atom of chloride of cafciujn* Dr. Kane •recom- 
mends the decomposition of this salt by heat as the best source 
of pure w'ood spirit. 

Chloride of methyl^ C2H3,C1 = MeCl. — ^This compound is 
produced by the reaction of hydrochlorio^iicid and hydrate of 
oxide of methyl upon each other : 

xMeOd-HO and ClH=MeCl anrf 2HO. 

But it is best obtained, as are ^11 the halogen compounds of 
methyl, by distilling neutral sulphate of oxi^e of methyl with a 
metallic salt of the proper ^alt radical, or better a mixture of sul- 
phuric acid, hydrate of oxiefi^of methyl and the metallicVsalt. The 
salt used in the present case is chloride of soJium.^ Chloride of 
methyl is a colourless gas of an ethereal odoui* and sweet taste, of 
which the density is 1737.8 by exi>eriment,^and 1729 by calcula- 
tion ; the combining measure ijs 4 volumes. Water dissolves 2.8 
volumes of this gas at* 60^.8 (16" centig.) ; it is not liquified by a 
cold of — 0.4*" ( — 18" centig.) It will be remarked that the 
chloride and oxide of Inethyl are both considerably more volatile 
than the chloride and oxide of ethyl. * 

Iodide of methvh Mel ;* a colourless liquid, whifch burns with 
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difficulty, boiling between 104® and 122^; its density is 2.237 at 
69.8® (21® centig,) 

Fhi^ride of methyl^ MeF; obtained by. distilling sulphate of 
oxide of methyl with fluoride of potassium ; a colourless gas, of 
•which the density is 1186 ; water dissf)lves 1.5 volumes of it. 

Cyanide of methylpMtCy \ an ethereal liquid, insoluble • in 
watef. 

Sulphuret of methyl^ MeS ; a very, limpid liquid of which the 
odour is extremely disagreeable’. ' Its density is 0.845 at 69®.8, 
its boiling point 105®.8 (41® centig.) The density of its 
vapour is by experiment 21 15, by theory 2158 ; its combining 
measure 2 volumes. Sulphuret of methyl is formed, when 
chloride of methyl ;.s transmitted through an alcoholic solution 
of protosulphuret of potassium, by double decomi>osition. 

Sulphydrate of mlpimret of methyl or methylic mercaptan is 
obtained as a colouriess liquid, lighter than water, which boils 
at 69®f8^and acts upon- oxides of mercury and lead like sulph- 
hydrate of sulphuret of ethyl (Gregory). 

OXYGEN SALTS OF METHYL. 

Tlie salts of oxide of methyl correspond so closely with those 
of ethyl that knowing the history of one class it is easy to 
predict the properties of the other. Anhydrous metallic oxides 
do not alter them, while the hydrated alkalies disengage hydrate 
of oxide of methyl from therp with great facility. 

Neutral sulphate of*oxideofmethyljM.eO^ SO3. — ^This member 
of the methyl series, which has no analogue in the ethyl series, 
is formed^when^oxidc'of methyl anhydrous aulphuric acid 
are *brpught 'into contact. It constantly appears also when 
hydrate of oxide of methyl is distilled with sulphuric acid, and 
in larger quantity the greater^'iihe proportion of sulphuric acid 
emplbyed. To prepare sulphate^ of methyl it is convenient to 
pistil 1 part of hydrate of oxide of methyl with 8 or i 0 parts 
of sulphuric acid. When purified by washing with water, and 
two successive distillations with chloride 6f calcium and quick- 
lime, sulphate pf m^hyl is a colourless liquid of an alliaceous 
odour, of derfsity 1.324 at 71^6 (2?^® centig.), which boils at 
370®.4 (,188® cenlig.), and may be distilled without change. The 
density of its vap9>Sris 43^3.4 ; }t is composed of equal volumes 



OXYGEN SALTS OF METHYL. 


823 


ot antiyarous sulphuric acid and oxide of methyl condensed into 
one volume, so that its combin];!ag measure is the same as that 
of oxide of methyl or .4 volumes. It is decomposed very ^slowly 
by cold water, but rapidly by hot water, the acid sulphate of 
oxide of methyl and wa|:er being fornjed and oxide of methyl 
liberated. This compound may be employed in preparing all 
the other compounds of methyl, which are derived from»it by 
double decomposition, ^ 

Acid sulphate of oxide of methyl^ fisulphate of oxide of methyl^ 
sulphomethylic acid; HO. MeOH’S2^6* — compound, dis- 
covered at the same time by MM. Dumas and Peligot and byDV? 
Kane, is formed when concentrated sulphuric acid is mixed with 
hydrate of oxide of methyl, and also on dissolving the neutral 
sulphate in boiling water. Obtained by the last method and 
concentrated by evaporation it ft a coloiyless, syrupy, very* acid 
liquid which in dry air becomes a mass* of white crystalline 
needles. It coinl^ines with bases forlniqg dfSql)le salts, jn which 
the basiq water of the acid is replaced by a metallic oxide. All 
these salts are soluble in water. The double salt of oxide of 
ammonium and oxide of ethyl has hot yet been obtained. 

Sulphate of oxide of methyl mid pota8hfiAQO>K.Oy^2^()^^^^ 
crystallizes in rhomboidal tables, which have th/| lustre of 
mother of pearl and deliquesce in damp air. Dr. Gregory has 
obtained two double salts by dissolving the jiresent salt in a satu- 
rated solution of ferrocyauide of potassium, and evaporating ; 
the first which crystallizes yellow and insoluble in alcohol, is 
a compound of ferrocyanide of potasl^iilm and ferrocyanide 
of methyl; the second •a white salt soluble in alcohol is a 
compound of sulphate o^ oxide of methyl and po^^sh, bisul- 
phate of potash* and cyanide* of methyl. • # 

Sulphate of oxide of methyl and harytsSy MeO.IvO,S 20 g + 
2 HO; is prepared by mixing 0£[ual parts of concentrated sul- 
phuric acid and hydrate of oxide of mfithyl^ and heating the 
mixture to its boiling point. * ATter cooling, the liquid is diluted 
and saturated first with carbonate of barytes and after wartls 
jrith hydrate of baryte* th^ excess of the latter ft removed by 
a stream of carbonic acid gas, and tht) Ij^uid ^evaporated to its 
crystallizing point by a* gentle heat. The s»ut crystallizes in 
colourless tables of a square base or in thin transparent plates, 
which effloresce in air and may* be fhade ai^ydrous in vat^uo. 

Sulphate of oxide * of methyl and leady PliO.MeOjSgpgif IlO, 
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is deliquescent. It has likewise been obtained with 2 atoms of 
water of crystallization and the\same form as the preceding salt 
of barytes (Kane). 

Nitrate of oopide of methyl^ MeO, NOg. — The action of nitric 
^cid upon wood spirit ia. different an4 much less violent than 
the action of the sam^ acid upon alcohol. No nitrate of oxide 
of etkyl is formed, indeed sijch a compound does not appear 
to exist, while the nitrate of oxide of methyl is very easily 
obtained. One part of nitrate of potash and a mixture of 2 
parts of concentrated sulphuric acid with I part of wood spirit 
are introduced into a retort; the mass rises greatly in tempera- 
ture, and the product distils over without the necessity for 
applying artificial h^at ; it must be received in a very cold con- 
denser. heavier of the-two liquids found in the receiver is 
nitrate of oxide of methyl contaminated with a portion of a very 
volatile compound supposed to be formiate of oxide of methyl, 
which ^communicates tq the former the odour of hydrocyanic 
acid. The product is rectified from chloride of calcium and 
from litharge ; the last portions which distil over are perfectly 
pure. Nitrate of oxide of methyl is a colourless liquid of a 
weak ethergal odour, which inflames with facility and burns with 
a yellow flame; its density is 1.822 at 71 °*^ (22® centig.), and 
boiling point 150®.8 (66® centig.) Its vapour heated above 
248® is decomposed with a violent detonation, producing car- 
bonic acid, water and deutoxide of nitrogen. This ether is 
soluble in water, and miscible , in all proportions with alcohol, 
ether and wood spirit. ' 

Neutral carbonate of oxide of methyl is unknown; the 
double carporiate^ it forms witlj/ alkaline carbonates were 
prepared in tht same manner as the' coiresponding double salts 
of ethyli c » 

Oxalate of oxide of methyl^ Me 0 ,C 203 , is a white solid trans- 
parent, and brilliajjt niass composed of rhomboidal tables; it 
fuses at 123®.8 (51® centigr), and boils about ‘82 1®.8 (161® centig.) 
It" is decomposed by water and resolved into hydrated oxalic 
acid and wood spirit. Acid oxalate of oiUde* of methyl has noL 
yet been obtaine^. ’ 

Oxalate of oxide of methyl and oxttmide or oxamethylane is 
formed when oxalAte of oxide of methyl is exposed to dry am- 
monia* . 

Sulphocarbonate of oxide of methyl and potashy KO.MeO,C 2 S 4 . 
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Bicyanurate of oxide of me%i, 3 MeOjOyeOg + GHO, (Ri- 
chardson). y'-* 

Benzoate of oxide of methyl, CallsOjCi^HsOari^MeOjBzO. 

Acetate of oxide of methyl, CaHaOjC^HsOg^MeOjAcO.,. 

Mucaie of oxide of \ methyl, 202^36, Ci2Hi407=2Me()H- 
Mu, (Malaguti). 

COMPOUNDS OF OXIDE OF ME'fHYL OF AN UNCERTAIN 

CONSTiTUTiON. 

• 

Oxichlorocarbonate of oxide of methyl, C4II3CIO4 ; coiisid^reJd 
by*MM. Dumas and Peligot as a compound of oxide of methyl, 
and a particular acid, and represented by the formula : 

021130 + 421 .. 

# 

Ureihylane, a body corresponding*wi^h urethane ancj formed 
in similar circumstances. 

Sulphate of oxide of methyl and mlpJmnide, or sulphamethy- 
lane, C2II3O, SO3 + NH^, SO^. ^ 

PRODUCTS OF THE DECOMPOSITION OF METHYLt AND 
ITS DERIVATIVES, 

I 

A compound belonging to the methyl series was obtained by 
MM. Dumas and Peligot, which appears to correspond ,)vith 
isethionic acid, by bringing anhydrous svjlphuric acid in contact 
with hydrate of oxide of methyl, observing to keep the mixture 
cool. Its salt of baaytf^ is crystallizable aijd has the same 
composition asi sulphate oxide of methyl aijfl bVy tefi, but 
does not agree with the latter, in its chemical propertig^ and is 
evidently a different substance- 

Under the influence of air, )lydrate of oxide of methyl in 
contact with platinum black cindergoes oxidation, and forms an 
acid, which is fovind*to be puro.formic acid. In this conversion, 
2 atoms of hydrogen combinje with oxygen and fogrt water, and 
2 atoms of oxygen are absorbed at the^ same time, and combine 
with the remaining elemJpjpts of the m«t!iyl, Exactly as in the 
conversion of alcohol into acetic acid : 

C2H3O +J10 an(J lO-C^HO^+aHO, 



826 


FORMYL. 


Formic acid therefore eontains a radical, which is named 
formyl, and to which it has the'4^me relation as acetic acid has 
to acetyl ; 

Acetic acid. . . . + 

Formic^ acid, . . C2H +03. 

Formyl therefore differs frdm methyl in containing 2 atoms 
less of hydrogen, and as ethyl may^ be viewed as a compound of 
acetyl + 2 atoms of hydrogen, 1^0 methyl maybe viewed as a 
(fompound of formyl + 2 atoms of hydrogen. 


SECTION IL 

FORMYO SERIES OF CCfMPOUNDS. 

Fofmyl, C2H=:F5. , 

The series of formyl is less numerous than that of acetyl. 
The compounds of the former corresponding to aldehyde and 
aldehydic acid are deficient, formic acid being the only known 
oxide of foi;myl. ^ c 

The following are the derivatives of formyl : 

C2HO. . • , « . Oxide of formyl (unknown). 

CgHO-fHO. . . Substance contained in formomethylal. 

GjHOg. ... Anhydrous formic acid. 

C2HO3 + HO. % « Hydrated formic acid. 

C2HCI3, . , . Perchloride of /ormyl (chloroform). 
C2HBr^ . • • . Perbromide ofifoftnyl. 

C^HIg. .1,. . Periodide of /orlnyl. 

COMPOUND OF HYDRATE OF 0?«IDE OF FORMYL WITH OXIDE OF 
, METHYL, OR METHYLAL. 

c 

’ Syn. Forpumethylal (Kane) C6Hg04 (Malaguti). 

By distilling 2 parts of wood spirit ,w4th '3 parts of sulidmric 
acid diluted wit^ 3 of water, and 2 parts of peroxide of 

manganese, Dr. Kane obtained a substance mixed with several 
other bodies, wliich he named formomethylal. It was con- 
sidered a tribasic :^i'miate of oxi,de of ipetbyl, but was after- 
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wards show!ii by Malaguti, to be a mixture of formiate of oxide 
of methyl and a particular subp1»ance which he named methylal. 
To purify the methylal from formiate of oxide of methyl, the 
latter must be decomposed entirely by hydrate gf potash, 

Methylal is an ethergal colourless Ijquid of a very agreealde 
aromatic odour ; it is miscible with 5 jjarts of water, and may 
be separated from that liquid by chloride of calcium or hydrate 
of potash. It is very inflammablq^ and burns with a wdiite 
flame. The density of methylah is 0,8551 ; its boiling point 
107.6® ( 42 ® centig.) ; its combining measure contains 4 vg- 
lumes. Methylal may be represented as a compound of 1 atom 
of hydrate of oxide of formyl with 2 atoms of oxide of methyl 
==C2H0, HO + 2C2H3O. M. Regnault h,as explained its for- 
mation by supposing that 3 atonas of oxide of mejfhyl, formed 
by the action of sulphuric acid upon hydrate of oxide of methyl, 
group together so as to form a single mdlccule:=C(jFIj)03 ; the 
last exposed to the oxidating actioii-of pero^cide of manganese 
loses I atom of hydrogen, which is replaced by 1 atom of 
oxygen, and consequently the compound C6HQO4 is produced. 
The formation of acetal which coi^responds with methylal in the 
acetyl series is explained by liegnault in» the same [panner, 

FORMIC ACID. 

Formula H04-C2H03=HO,Fo03. — The relation of this 
acid to wood spirit has already been explained. It waS) dis- 
tinguished as a particular acid dy Gehhn^ who found it in red 
ants (formica rufa) ; ,and was^ first formed artificially by 
Doebereiner, by distilling tartaric acid with sulphuric acid and 
peroxide of mfmganeseP. *A 11 other vegetable sjtibstance .when 
oxidised in the same manner^ or by distilljjtion with nitric acid, 
hyperiodic, iodic and hypermanganic acids, or with a mixture 
of chromic and sulphuric acids, yield formic acid, carbonic acid 
and occasionally sopie acetic'ackl. 

To obtain the protohydrate 4 n a state of purity, formiate ^of 
lead well pulverisecicoytained in along glass tube i/ decomposed 
by a current of dry sulphuretted hydrogen gas ; and the dis- 
engaged formic acid aftcawards distilled over by, the aj)plication 
of a gentle heat. This hydrate is a colourl^^ss liquid, slfghtly 
fuming and possessing a pimireitt and v peculiar oflouf. It 
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crystallizes below 32® in brilliant plates ; it boils at 212®; its 
density is 1.2353. The vapoui«.pf the boiling acid is inflam- 
mable and burns with a blue flame; thi? hydrate combines 
with a second atom of water forming a definite compound of 
which the boiling point is, 222.8® (106® qpntig.), which does not 
freeze at 5®, and of wl}ich* the density is only 1.1104 at 59®. 
Both of these hydrates arfe highly corrosive. 

To prepare the dilute aci^, a capacious glass retort or copper 
still is employed^ of which the capacity must be at least 10 times 
greater than the volume of the materials to be employed, namely 
1 part of starch, 4 parts of peroxide of manganese, 4 parts 
of water, and 4 parts of sulphuric acid. The materials with- 
out the acid are fir,st introduced into the retort and heated 
to 104® (40® fentig.), and then the sulphuric acid is added by 
small portions. A viol/^nt effervescence with swelling up of 
the materials occurs, from the disengagement of carbonic acid 
gas; wliCP this cea;se*s arjd* kll the acid is added, the capital is 
applied to the still, and the distillation continued, for which a 
heat a few degrees above 212® is sufficient, till 4^ parts of the 
liquid are found in the receiver. The product is a dilute acid, 
of which the density ijj about 1.025; the last portions often 
contain sulphurous acid, and tlie product has always an aro- 
matic odour from the presence of a small quantity of a volatile 
oil formed in the process. The nature of the decomposition 
which yields formic acid has not been exactly traced. To 
purifj’the crude formic acid it is neutralised by milk of lime, 
which forms an insoltible compound with sulphurous acid ; the 
excess of lime is precipitated hy a stream of carbonic acid and 
the formia^3 of •lime evaporated to ^'’dryness. By distilling 
10 pafts of forrfeiate*of lime with 8 parts'* of oil of vitriol diluted 
with 4 parts of water, 9 parts pure acid are obtained of 
specific gravity 1.075. 

Formic acid is pntifely decomposed by an excess of sul- 
phuric acid, without being charre'd, being reaolved into carbonic 
oxide wdiich^ comes off with lively effervescence, and water 
which remains in combination with the* sulphuric acid. The 
acid in question may qftsily be recognised by that property and 
also \ff its action upon the oxides of si^^er and mercury. When 
heated upon thestf oxides formic acid is completely destroyed, 
prbdu(»ng carbonic ^id gad which is disengaged, water and 
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metallic silver or mercury, without leaving the smallest trace 
of a salt of silver or mercury ir/the liquor. When the formic 
acid contains acetic ^acid, acetate of suboxide of mercUry re- 
mains in solution. Heated with a solution of* corrosive sub- 
limate, formic acid reduces the latter t j the condition of calomel, 
disengaging hydrochloric and carbonic asids ; upon the salts of 
oxides of mercury and silver, formic acid has the same action as 
upon the oxides themselves. Metallic peroxides are reduced 
by it with the aid of heat to* the state of protoxides, which 
combine with formic acid, v^iile carbonic acid gas is .dis- 
engaged. 

Formiates. — Formic acid is more powerful than acetic acid ; 
the salts of both acids are all soluble in water. Formiate of 
soda is not soluble in alcohol like dcetate of soda ; the fornjiatcs 
comport themselves like Iflie free acid, with sulphuric acid; they 
also when heated in excess with solutio\ij of salts of silver, 
mercury, platinum or chloride of gold, precipitate these •metals, 
producing a brisk effervescence. The salts of peroxide of iron 
are coloured deep orange by a formiate. 

Formiate of ammonia^ NH4O, F0O3, crystallizes in square 
four-sided prisms ; it is very soluble in^vater. Tliis salt con- 
tains the elements of 1 atom of hydrocyanic acid a Ad 4 atoms 
of water : 


NH4O, C2H03=H, NC2 and 4HO. 

• • 

It is accordingly converted into these two products when its 
vapour is carried through a tube at a red heat. 

Formiate of ^oxide of fdhyl^ formic ether^ lEO,Fti^3.— This 
ether is obtained by distilling 7 parts of dry formiate ^of soda 
with a mixture of 10 parts of sulphuric ^cid and *6 parts (ST 
alcohol of 90 per cent. It is limpid liquid of an aromatic 
penetrating odour and cooling spicy taste. Its density is 0.912 ; 
its boiling point 128.12" (53.4!^centig.) Formic ether dissolves 
in 1 0 parts of water ; ammoniacal gas has no, action upon it, 
while solution of ainmdh^ decomposes it like the other alkalies. 
Formiate of oxide of methyl is lighter^^tiian water, and boils 
between 36 and 38" centigrade; its odour suggests that of 
acetic ether. 
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Formiate of potash is very soluble and crystallizes with dif- 
ficulty. Formiate of soda crysItaJlizes in prisms of a rhombic 
base or* in tables, containing 2 atoms of water ; it is very soluble 
and deliquescent in damp air. This salt is very suitable for 
reducing many metallic f^oxides, when ^ heated with them to 
redness in the dry way, or when boiled with their solutions. 
Its solution may be employ«|i to separate the reducible metals 
from iron, copper, manganese, &c., which are not deoxidised by 
formic acid. 

c fFormiate of barytes crystallizes in brilliant transparent prisms, 
which are persistent in air, soluble in 4 parts of water and 
insoluble in alcohol. Formiate of strontian crystallizes in trans- 
parent six-sided prisms, containing 4 atoms of water. Formiate 
of lin^e is soluble in 1 0 parts 6f water, and scarcely more soluble 
with heat than in the \3old, so that the best mode of crystal- 
lizing it, consists u\ evapopting its solution by a gentle heat. 
A conceiitrated sclutior 6f the salt deposits, by evaporation, 
needles of a brilliant lustre, which effloresce when heated. 
Formiate of maynesia crystallizes in thin brilliant needles, per- 
sistent in air, which are soluble in 13 parts of water and in- 
soluble in alcohol. FLrmiate of alumina gives by evaporation 
a gummy tnass which is not crystalline. Its solution with 
the addition of sulphate of potash, alum, &c., becomes turl)id 
when heated, like acetate of alumina, Formiates of manganese^ 
protoxide of iron^ zinc^ cadmium^ nickel^ cobalt^ and copper are 
very*^ soluble and crystallizableisalts. 

Formiate of cerium is a white granular and crystalline powder; 
it is the most insoluble formiate, a projberty of which advantage 
is taken i^prepafing pure oxide of oefijum frop solutions con- 
taining oxide of iron, lime and other oxides. At 392® (200® 
cfentig.), this formiate enters into a kind of ebullition and is 
converted into carbonate of cerium, without charring. 

Forfniate of lead requires 36 or ^0 parts of water for solution, 
apd precipitates when formic acid is added to a saturated 
solution of acetate of lead, in brilliant needles diverging from a 
common centre. The solution of forijaikte* of lead has a sweet 
taste, it is capable of dissolving oxide of lead when boiled upon 
thattfoxide and acquires an alkaline reaction. Formiate of lead 
is insoluble in al(^hoi. 
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Formiate^ of 9^boxide and oooide of mercury.' — Red oxide of 
mercury well pounded dissolve formic acid, at the ordinary 
temperature and forn^s a solid crystalline mass on evaporating 
in dry air, which is the formiate of that oxide.. On applying 
the slightest heat to tliis salt either cVry or in solution, effer- 
vescence occurs from the escape of carbcyiic acid, and formiate 
of suboxide of mercury is produced. * The latter salt <s de- 
posited from a solution so decomposed, in a crystalline very 
brilliant micaceous mass, which is. composed of small plates of 
4 or 6 sides, of a silky or silvery lustre. By a higher tempe# 
rature formiate of the suboxide is decomposed whether dry or 
in solution, with a slight explosion, metallic mercury being 
liberated with formic and carbonic acids. ,The decomposition 
of this salt is thus represented by Liebig : 2 atoms pf forjjiiate 
of suboxide of mercury are resolved by Ixjat into : 

2 atoms of carbonic acid. . O4 

1 atom of hydrate of formic acid. C2H2O4 

. 4 atoms of metal Hg4 

C,H20,Ili4 

s • 

Formiate of silver is also a salt of sparing solubility. It is 
obtained by the double decomposition of nitrate of silver with 
an alkaline formiate, in small leaflets of brilliant whiteness ; it 
is decomposed by heat and resolved into the metal formic and 
carbonic acids, 

Artifidal oil of ants, G5H2O2 (Stenhouse). — This name was 
applied by Doebereiner t^ the oil which ap]|)ears in the prepa- 
ration of formic acid. *It <yas obtained by Dr.^Stennouse in 
larger quantity than it is produced in the <5rdinary process, 
distilling together equal weightd^ of oatmeal or sawdust and 
sulphuric acid diluted with its own bulk of water. Iff the 
process for formic acid the peroxide of manganese cannot Ijp 
omitted without greatly reducing the product, but here it is 
entirely left out •When bil of ants is purified the taste 
and smell are very pungent and * ^wromatic, resembling 
oil of Cassia. It catches* fire very readily and bums with 
a strong yellow flame. Its densi^ is 1.1 0d6 at 80.6®, (2^® 
centig.); its boiling point S^4!4 (mS® ce^fig.) It is pretty 
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soluble in water and more so in alcohol and ether- Potassium 
decomposes it with effervescence ; but neither the aqueous nor 
the alcoholic solution of potash has any effect upon it.* 

. » > 

COMPOUNDS OF FORMYL CHLORINE, BROMINE AND IODINE. 

Protochloride of formyl^ (j 2 HCl=FoCL — One of the subs- 
tances wh|ch Regnault obtained by the action of chlorine upon 
jphloride of acetyl, namely C 4 H 2 CI 25 is considered by Liebig as 
protochloride of formyl, its atomic weight being divided by 
two. 

Bichloride of for^yl^ one of the substances 

formed by the action of chlo*rine upon chloride of ethyl, namely 
€ 4112014 , is so considered by Liebig,^ its atomic weight being 
divided by two. ' 

Percjiloride of formyl^ chloroform^ C 2 HCl 3 =FoCl 3 . This 
compound is formed in various circumstances. It may be 
prepared by exposing a mixture of chloride of methyl (C 2 H 3 CI) 
and gaseous chlorine to the direct rays of the sun 5 by distilling 
chloral wit^ barytes- wpter or milk of lime but most conveniently 
by distilling a dilute solution of chloride of lime with acetone, 
alcohol or wood spirit. For tliis purpose 1 part of hydrate of 
lime is suspended 'In 24 parts of water, a current of chlorine 
sent through it till the greater part of the lime is dissolved, and 
a little milk of lime added to ^make the liquid alkaline. When 
the solution of chloride of lime has become clear by repose, 
j^th of its volume of alcohol is added, and after being left to 
itself for ^twenty* four hours, the liquid is distilled by a gentle 
heat in a'capddous retort. The product has aii ethereal odour, 
r< 5 jid ooiitaijis perchloride of formyl mixed with alcohol, on shaking 
it with water the perchloride separates as a dense liquid, and 
may be obtained^ perfectly pure by digesting it upon chloride 
of calcium, *and distilling it again with concentrated sulphuric 
acid. (Liebig^s Traite). 

Perchloride of formyl is a colourless loily liquid, of an agree- 
able ethereal odour ggd sweclflsh tast^’; its density is 1.480 at 
64.4® (18® centig.) 5 its boiling point 141.44® (60,8® cent.). It 


Dr. Stcnli^use, Phil. Mag., 3rd Series^ vol. 18, p. 122. 
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is inflamed with great difficulty but Ijurns in the flame of a 
candle colouring it green. Xbt alcoholic solution of potash 
destroys it, converting it into formiate of potash (Dumas), a 
property which the name chloroform refers to : « 

F0CI3 and 4KO=KO, Fop., and 3KC1. 

The density of its vapour is by experiment 4200, by calcu- 
lation 4116: its combining measure 4 volumes. Chlotoforin 
may be distilled from sulphuric acid,, potassium or potash with- 
out being sensibly altered.' 'Exposed with chlorine to the 
direct rays of the sun it is decomposed and converted intp 
hydrochloric acid and a particular chloride of carbon C2CI4, 
which boils at 1 7^2.4” (78® centig.), and of which the density of 
the vapour is 5300, and combining measujre 4 volumes (lleg- 
nault). Tliis chloride of carbon "iias been looked, upon^as a 
formic acid in which both* the hydrogen and oxygen are replaced 
by chlorine : 

C^CI + CI^^V 

while the well known sesquichloride of carbon is related in the 
same w^ay to acetic acid : , 

C4CI3 + CI3. 

When the former chloride of carbon is made •to pass in 
vapour through a porcelain tube at a dull red heat, it is divided 
into two new chlorides of carbon, of w hiclf the composition is 
expressed according to M. Rcgnault, by CCl and CCI3. 

Chlorhydrate of chloride of foryfiyl^ 2C0HCI, HCl; one of the 
products of the action of chlorine upon Ihe chlorhydrate of the 
chloride of acetyl. 

Perbromide ^ formyl^ %romoform^ C2HBrjj=^:FoBr.^^ prepared 
like the perchloride, and very analagous to it in ^properties ; its 
density is 2.10. It is less volatile than the perchloride, JWfftt 
more easily decomposed by alkidies. 

Periodide of formyl^ ^V>rf(?/ofw^,^C2HI3==FoI^J. — This is a*yellow 
volatile substance discovered by Serullas, which is often des- 
cribed as an iodide of carbon. It is obtained ou adding an 
alcoholic solution olf pbtjpsh* to a solution of iodine in alcohol, 
till the last is discolouredj car^ully * awioiding any excess of 
alkali. The alcohol is then expelled by gentle evaporation, and 
the iodide of formyl is deposited in crystals, \Vlnch are purged 
from iodide of potassium by wasliing w^h pure water.* Tiiis 
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compound is formed in consequence of the decomposition of 
1 atom of alcohol and G atoms ‘"of potash, by 8 atoms of iodine, 
by whieh 1 atom of periodide of formyl, L atom of formiate of 
potash, 5 atom^i of iodide of potassium and 4 atoms of water 
are produced (Liebig). 

1 atom of alcohol. . ... . } 

8 atoms of iodine. . . , , Ig 

6 atoms of potash. . 

C 4 HfiOg IJIg 

Equivalent to : 

1 atom of periodide of ferrayl. . . . CgH I 3 

i atom of formiate of potash. . . . C 2 H O 4 K 


5 atoms of iodido of potassium. . . ' 

4 atoms of water. . * H 4 O 4 


C.HeOJsKfi 

Iodoform crystallizes in brilliant yellow plates, and has a 
characteristic; odour suggesting that of saffron. It is insoluble 
in water, bUt very soluble in alcohol, ether and wood spirit. It 
sublimes at 212®; at 248® it undergoes decomposition and is 
resolved into carbon, iodine and hydriodic acid. It gives a 
peculiar liquid of a deep red colour and density 1.96, when 
distilled with chloride of phorphorus or with corrosive subli- 
mate ; this liquid contains chlorine, iodine and formyl. 

Salphvret of formyl^ F 0 S 3 ? (Bouchi^rdat). A liquid obtained 
by distillij^g 1 part , of iodide of formyl# with 3 parts of sulphuret 
of mercury; hydrate of potash converts it into sulphuret of 
potassium ^nd forniiate of potash. 

Action of chlorine t^pon oxiSe of methyl , — Chlorine gas de- 
dbmpo^es the oxide of methyl forming hydrochloric acid 
aq,d the following products, as observed by M. Kegnault : 

‘ Denm^ty. tBoiling point. Density of 
vapour. 

Oxide of methyl. . • . CjHjO ' 1570=2 v, 

• * H * * 

Mona::hlorJnated oxide of methyl. ^2^’^ ^-315 105® cent. 4047=2 v. 

t 11 

Bichlodnated oxide of m^yl, 0 I.60G 130® „ 6367=2 v. 

Perchlcrinated oxide ok' iiiethyl. . CjCIjO 1.594 212® „ 4670=4v. 
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The combining measure of perchlorinatecl oxide of methyl 
differs, it will be observed, from the other members of the series. 
(Annales de Chimie, etc. Ixxi. 353). • 

Chlorine is absorbed with great avidity by hydrate of oxide 
of methyl and a heavy fiil formed, whyh has not yet been fully 
examined. • 

Action of chlorine tipon chloride^ of methyl . — This alscT gives 
rise to a series of compounds, in wlmdi the proportion of chlo- 


rine increases as the action 

is jirolonged. 

(Regnault). 

Chloride of methyl 

aH,ci 

Density. 

Boiling point. Density of 

vapour, 

1738=--4 V. 

Monoclilorinated ditto. . . . 

C.,HXL 

1.344 

• 30. 5*' cent. 3012 r 4 v. 

Bichlorinated do. (chloroform). 

uHci; 

1.491 

60.8‘’ ,m 423q.v- 4 V, 

Perchlorinated ditto. . . . •. 

C 2 CICI 3 

1.599 

78# „ 5245=-4 v. 


The monoclilorinated chloride of nlethyl 1ms an odiTur which 
is very sharp and is similar to tliat of Dutch liquid ; treated 
with an alcoholic solution of potash, the former liquid gives 
only a very trifling precipitate o( chloride of potassium, and 
distils over almost entirely witliout clian^^ • 

The perch loride of carbon, C2CI4, which is nifrncd above 
perchlorinated chloride of methyl, is not altered by a solution 
of hydrosulphuret of the sulphuret of potassium. It is decom- 
posed by heat and gives different chlorides of carbon according 
to the temperature. 

At a dull red heat, this chloride C2CJI4 ’ appears to be con- 
verted into another chWjride of carbon C2CI3, supposing the 
combining mei^pure of tl^ latter to be 4 volumes, iy density 
being 408 : 2 . This new chloride of carbon wifi therefore be 
isomeric with Faraday^s sesquichloride C4CI6, but of only lurfl" 
the density. When decomposiKl at a higher temperature it 
gives small silky crystals of tjie phloride of carbon of Julin CC f. 
Lastly at a bright ffed heat the^ liquid chloride of carbon (-'4(^14 
is the principal product. ^ • 

Chlorine acts rea(lily*u2)on th^sulphuret of metliyl and upon 
the compounds of oxide jof methyl witfi^aeifls or the compound 
methylic ethers. A benzoate and acetate ot an oxicWoricie of 
formyl have been produced, liaving the iAlowiug .formula, 
(Malaguti) : 
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C.,Hy 2 +Ac 03 . 

A mixture of iodine, nilric acid and wood spirit left to itself 
for a lojiig time, deposits yellow crystals. Bromine in the same 
circumstances gives a lieav'y oily liquid (Aime). 

SECTION III. 

PRODUCTS OF THE DISTILLATION OF WOOD HAVING SOME 
RELATION TO OXIDE OF METHYL. 

XyHte^ li(^iione (Gmclin), a liquid which exists in commercial 
pyroxylic spirit, and is separated from the hydrate of oxide of 
methyl by distillatiori from chloride of calcium at 212'*. MM. 
Weidmann and Schweirer, in their last memoir on these pro- 
ducts, assign to xylite the formula The density of 

its vapour was l)y experiment 2 l 77 > by tlieory 2159 ; its boiling 
point \ centig.) ; density Pure xylite l)as an 

agreea 1 )le, sharp odourj and empyreuinatic taste. It is miscible 
with water,' dissolves but little chloride of calcium, and burns 
with a white flame. 

Mesitm, (Weidmann and Schweizer), a liquid ob- 

tained by distilling equal j)arts of sulphuric acid and xylite, in 
whicli chloride of calcium is 'wholly insoluble. Its density is 
0.80S 5 boiling point 145.4” (03® centig.) 

Xylitic acid, C4H30j^ (W. and S.)/ obtained by treating an- 
hydrous pdite with hydrate of potasii. The salt* thus formed 
is supposed to be a compound of xylitate of potash with xylilte^ 
S^'KO, €41130^^) H-C^,Hg02i. It is readily soluble in wood- 
spirit, but is insolubje in anhydrous xylite. Xylite oil and 
xylite Vesin are two other substances contained in an oil, formed, 
apiong other products, by the action of an excess of hydrate of 
potash upon xylite. 

Mesitc, C0H0O2 (W. and S.^, T'’his liquid which, in its phy- 
sical properties, very** vpuch resembles; mesiten, exists in crude 
proxylic*spirit; and comes over late in its rectification. Mesite 
n),ay, therefore, 6e separa^d, distillation with water, from 
xyliti, as the latter^passes over eafly* Mesite is also formed by 
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the action of potash and potassium upon xylite. It is colour- 
less, volatile, and of an cthqfe^l odour^ boils somewhat above 
158'^ and is soluble water. • 

Xylite naphtha^ — By the action of hydrate of po- 

tash upon mesite, acetjic acid is forrued and xylite naphtha. 
When pure, this liquid is colourless an^ very fluid, having an 
odour resembling oil of pepper^mint/ but sliglitly soluble in 
water, soluble easily in alcohol, w<^od-spirit, xylite and ether. 
It boils at 230^", and burns w?tb a white and smoky flame. 

The principal products of thlf^reatment of xylite-na])htha l^y 
an excess of hydrate of potash or potassium are xylite-oil and 
xylite-resin. 

Xylite-resin, C24HJQO3; when pure, is a reddish, brown, 
brittle mass, fusible under 212Vl^'^t decomposecl by a higher 
temperature. It is insolable in water, or in s^olution of j)otash, 
and gives no precipitate with an alcoholii^solution of acetate of 
lead. It is readily dissolved by alco1it>l^ wo»d-spirit, «ylite and 
ether, 

ft 

Xylite-oil, C|2HyOj, To obtain this oil pure, it is necessary 
to act upon xylite with a great excess of hydrate of potash. It 
is colourless, but usitally yellow, lighter# J:han wate# and nearly 
insoluble in it, readily dissolved by alcohol, etc. It has a bit- 
ter, burning taste, a peculiar odour, boils considerably above 
3y2” (200® centig.), and may be distilled without decomposition. 
It burns with a white, very smoky flame. When decomposed 
by hydrate of potash, xylite-oil g^ves acetic acid and a peCuliar 
resin, C4gH3g03 ; not so fusible as xylite-resin. 

When J part of anhj^drous acetone is gradually mixed with 
2 parts of hydrate of potash, well pulverised,* the vessel being 
kept cool, and the mass mixed after six or tight days with 
water, a brown oily liquid separates 5 thisf may be waslied wrtif* 
water to free it from undecomp^(ised acetone, and distilled with 
water to separate it from a^ resinous body. • This oil has the 
same boiling point •and composition as xylite-oil, and appears 
to be identical with it. The resin has also the 5>ame compo- 
sition as xylite-resin.** ^ 

Methol, Ci 2H() ; a liquid produced l?^#tJie distillation of xylite 
with sulphuric acid; pure wood-spirit does not j^eld ifr, although 
it was first obtained by the treatment of the V^rude spirit ; it is 

* l.rwiviL^ and Weidmann ; ro«:fl:endorft*’s Arinalcn, I, 29D. 
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a hydrocarbon, and contains no oxygen.- It does not mix with 
sulphuric acid, but by long diga^tjon and agitation, it disappears 
entirely, and is partly converted into a bjack resin^ C24HjgO, 
which is insohfble.in alcohol and wood-spirit, but soluble in 
ether and xylite. Meth9l is not converted into this resin by 
the action of air. Th^ acid solution neutralised with carbonate 
of lim^ gives a white crystalline salt, containing methoUsulphuric 
acidy of which the formula ^ when free is H0,S03 + Ci2Hg, SO.j, 
or perhaps rather HO, Ci2H8f^206 HO.* 
g Mr. Scanlau has shown that'crude wood-spirit contains free 
aldehyde^ which he has extracted from it in a state of purity by 
submitting the crude spirit to successive distillations. L. Gme- 
lin obtained ccc/oMC.from the wood- spirit of the French manu- 
factories ; it;, distilled over first when the crude spirit was recti- 
fied from chloride of calcium. . 

Pyromnthin^ ehlaniny\ C2iH(,04 (Gregory and Apjohn) ; a 
crystalUnc substance of 9,n* orange colour, obtained by Mr. Scan- 
lan on distilling crude pyroxylic spirit from slaked lime. It 
remains with the lime, and after neutralising the latter with 
acetic acid, may be taken up by alcohol, from which it is 
deposited m long needles or prisms having the colour of car- 
bazotate of potash. It is insoluble in water and in alkalies, but 
soluble in alcohol, ether and concentrated acetic acid. It sub- 
limes at 273", but ‘does not melt till it is raised to the tem- 
perature of 291®. Concentrated sulphuric acid dissolves it. 
and Assumes a red blue colour. J 

SECTION ivJ 

_OTHER .PRODUCTS OF THE DISTILLATION OF WOOD, c6nTAINED 

IN TAR. 

Paraffin is a particular hyclrocar);)on, produced in the distilla- 
tipn of wood, and in many other circumstdlnces, which has the 
same compexfition per cent as olefiant gas, or CH. It is a crys- 

♦ F. Weidmann and E. *Sfbweizcr ; Poggendorffs Annalen, xliii, 593 5 xlix, 
135 and 293.5 1, ' r • 

t Ft'om Eblana, Dublin. 

^ Liebig’s* Annalen for 1837 ; qr Dr, ThomBon’a Organic Chemistry, Vege- 
tables, <». 750. 
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talline substance, transparent and colourless, soft and not unlike 
stearic acid, inodorous and jtajteless, fusible at 1 10.6” (43.75** 
centig.), and capablq of being distilled at a higher temperature 
without alteration. A cotton-mck which has jiin bibed melted 
paraffin, burns without* smoke or odour, like a wax taper. Its 
density is 0.870. * ^ 

In a chemical point of view, paraffin is clistinguishwl for a 
remarkable indifference to other Dodms ; hence the name paraf- 
fin (parum affinis) assigned -to it Jby M. Reichen1)ach, its disco- 
verer. It is not decomposed by chlorine, by alkalies or aci([s. 
Paraffin is very soluble in ether and oil of turpentine ; boiling 
alcohol dissolves only 3.45 per cent of its weight. This and 
the other principles existing in tar are detained by long and 
intricate processes, which cannot be shortly describ^f d.^' 

Evpion^ CgHg, is best obtained from animal tar. it is a 
colourless, very limpid liquid (whence its* name), without odour 
or taste, of density 0.655, not frozen [)y boiling at 336.2‘* 
(169® centig.), and distilling over without change. It burns 
easily by means of a wick, with a bright flame and no smoke. 
Eupion is insolul)le in water, but soluble in alcohol. It is not 
altered by potassium, by chlorine or iodine, whicU it dissolves, 
nor by acids or alkalies. — (Reichenbach, Ann, de Clwm. 1, 69.) 

Creosote^ (Ettling), is present in wood-smoke, in 

tar, and generally in wood -vinegar (pyroligtieous acid), to which 
it communicates its odour, taste and antiseptic properties. It 
is an oily colourless liquid, of lygh refracting power, of ^hicli 
the odour is penetrating and disagree&ble, analogous to that 
of smoked meat, and the taste burning and very caustic. Its 
density is 1.037 at 68®;^ boils at 397.4® (2(73® centk.), and is 
hot frozefi by*a cold of — 16.6® ( — 27" centig.).# It SurnS wdth 
a very smoky flame, * 

Creosote forms two different^ compounds with water at the 
ordinary temperature; one is a solution of ^25 parts «f creo- 
sote in 100 parts ofi water; the* other, on the contrary, a solu- 
tion 10 parts of water in 100 of creosote. Acetic ^cid appears 
to be a special solvent ^f crehsote; these two liquids mix in all 
proportions. Potassium is decomposed it with effervescence 
and formation of potash*. * Creosote forms in the cold»two^com- 

• Relchenbacb ; Ann. de Chimie, ctc.J:. 30, ^p. 69. ^lso^>r.T!u>in»oti’s Ortriinic 
Chemistry, Vegetables, p. ; or Trait4de Chiinie, par M. Dumas, t. v. {1.652. 
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pounds with potash ; one is anhydrous, liquid, of an oily consis- 
tence, the other hydrated and d’yj^tallized in white pearly plates ; 
they are both decomposed by all acids, ev/5n carbonic acid. It 
mixes in all praportions with alcohol, ether, sulphuret of car- 
bon, oil of petroleum and, acetic ether. ^Creosote is remarkable 
for dissolving a larg^ number of organic colouring matters, 
includhig cochineal, dragon’s blood, litmus, madder, saffron, 
and even indigo, when heated. It coagulates albumen, a pro- 
perty upon which its corrosive action upon animal tissues may 
c^epend. Butcher-meat or fish *'dipt in it, and then exposed to 
air, does not putrify,* but acquires the agreeablef^flavour of the 
same kind of food when well smoked. 

Picamar {in pice amarum) is a transparent and nearly colour- 
less liquid, of the consistence* of an oil somewhat thickened ; its 
odour is weak ami peculiar, its taste' insupportably bitter and 
burning, then coolinsri' like that of peppermint. Its density is 
1.10 at66®j its boiling- point 518®. It is the bitter principle, 
according to M. Reichenbach, of all empyreumatic products. 
It forms crystalline compounds wdth the alkalies and alkaline 
earths, in wliich the latter are not neutralised. It is insoluble 
in water, bu^. soluble im alcohol and ether. 

Pittacaly VI beautiful colouring matter, discovered by Reichen- 
bach in the oil of tar ; the latter substance, when free from acid, 
assuming a beautifur blue on the addition of barytes-water to it. 
This substance when precipitated or obtained by evaporation 
form"^ a deep blue mass, sojid and friable, like indigo. It 
assumes also a coppery lustre, like indigo, when rubbed. It 
is inodorous, insipid and not volatile. * Pittacal is insoluble in 
water, but is suspended in that liqui(i,*in a state of such minute 
division as to' pass through a pamper filter, and colour the 
bluev Its solution in acetic acid is of a rose red colour, 
and recovers a very fine blue colour on the addition of an excess 
of alkali. M. Reichenbach recommends it as a re-agent even 
more sensible than litmus to the action df acids and alkalies. 
It is not soli^ble in alcohol, ether or eupion. It is not altered 
by air and light, 

Pittacal gives precipitates of a fine violet blue colour, with 
acetajbe ofi lead, •chloride of tin, ammoniacal sulphate of copper 
and acet^ite of aWmina. This substance may be available ulti- 


flcnce the name^cFeosote, from KpiaQ flesh, and o’o^a> I save. 



NAPHTAUNE. 


841 


mately, in the opinion of M. Reiclienbach, as a colouring matter 
in dyeing. 

Besides the bodies described, other substances have been 
found among the products of the distillation of wood, to 
which the names cedrirtt^ chrysene^ pyrene and capnomor have 
been given. 

PRODUCTS OF THE DISTFLIATION OF COAL. 

• % • 

The general products of the ^stillation of coal, whicli appeji# 
in gas-makingf are : 1, the residuary carbon or coke ; 2, gaseous 
compounds of carbon and hydrogen, including olefiant gas 
(page 422) ; 3, a watery liquid, containing, salts of ammonia ; 
and, 4, tar. • 

When the tar is distilled with water, an hily liquid comes 
over, and there remains behind a black r^mious substance, or 
pitch, of the nature of which little is kigownS The oiW^ a mix- 
ture of several bodies, some of which are capable of combining 
with bases, and some with acids. Particular substances have been 
isolated, to which the names, leucoX pyrrol^ cyanol^ carbolic actd^ 
rosolic and brunolic acids are applied, bu4j,the most^remarkalde 
product in coal-tar is naphtalincy which is somethnes found 
sublimed pure, in white crystalline plates, in the gas apparatus. 

NAPHTALINE. 

Formula: CjoHg. M. Laurent has observed that this sub- 
stance is best obtained from tar which is somewhat old. Tiie 
tar is boiled in air till it is deprived of water, and^then dis- 
tilled in a retort with a copper adopter or conneAing tube, and 
glass receiver. The first portion of oil distflled is of ^ yellowtStf 
colour, which becomes dark coleiured in^air, and allows much 
naphtaline to fall when coo^ed^to 14® or l()®*Fahr. If Ve-dis- 
tilled, and the last portions received apart, they yield naphtalioe 
in large quantity when cooled. * To purify naphtaliwe, it is crys- 
tallized twice from * aldbhol, T:aking care to press the crystals 
each time in folds of cirtton cloth. lt^4he oil is submitted for 
some time to a current of chlorine, it yields *after\t^ard» an 
increased product of naphtaline.^ 
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Naphtaline is in transparent and colourless plates, has a 
strong peculiar and not unple^ajit odour, a burning aromatic 
taste, is denser than water, insoluble in it,^meltsat 176®, boils at 
422.6® (217® centig.), and condenses in shining leaflets. The 
density of its vapour is 4528 by experinaent, and 4488 by calcu- 
lation ; its combining^ measure is 4 volumes. Naplitaline burns, 
when •heated, with a white smoky flame. It is very soluble in 
alcohol and ether, and crystallizes from these solutions on dilu- 
tion with water. Naplitaline isi»peculiarly the product of a high 
temperature, and is furnished by alcohol and organic matters in 
general when heated to redness. 

Naphtaline dissolves in concentrated sulphuric acid, upon the 
application of heat y with anhydrous sulphuric acid it combines 
when heatq/1, and forms a fine purple red liquid. The com- 
pound contains <;hree peculiar acids, which on diluting the mass 
with water and ne^cralising it with carbonate of barytes, arc 
obtained: in three diflferqnt barytes salts, which may be separated 
and distinguished from each other by their unequal solubility 
and different crystallization., They are : 

Naphtalin-hyposulphuric acid or sulphonaphtalic acid^ HO 
+ C2oHpS/)5. It is soluble in water and crystallizes, is sour 
and bitter, •with a metallic after-taste. The hyposulphuric acid 
it contains is not neutralised by the naphtaline, and combines 
with the usual profiortion of base to form a neutral salt. Sul- 
phomphtalate of barytes BaO-f-CgoHy^SgOg, crystallizes in 
brilliant light spangles, burnfv in the flame of a candle, is inso- 
luble in alcohol. ' It parts with an atom of water when* 
heated; its formula may then be BaO-lrC2oH7,S204. 

Naphtin-hypoiulphuric acid or ^mlphomphtic acidy HO 
+ CnH/i0,S2'05, is not crystallijJable, and very soluble in 
•^^iter. < 

Glutinhyposulphuric acid iSfSeparated from its salts by hydro- 
chloric acid as >a milky substance, which falls and collects 
together in transparent, clammy drops ; if!s salts do not crys- 
tallize.* t ’ 

When naphtaline is dissolved in exceliiss by sulphuric acid, and 
water added, the excess 'is precipitated, but in an altered state, 
for jvhen the “precipitated naphtaline is distilled with water, it 
leaves behind a fatt^ matter, from which alcohol separates two 
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new compounds, sulphonaphtalme, SO 2 and sulphonaph- 

ialide^ C 24 H 10 , S 0 . 2 * Botl^ inodorous .and insoluble in 
water. ^ , 

By the action of chlorine upon naphtaline, two compounds 
of that substance with* chlorine in (JifFerent proportions are 
formed; and by the abstraction of hytfro(j|bloric acid from these, 
or continued action of chlorine, several other compounfls are 
produced : 


J. CsoH.Cl^^C^oHyCl +II Cl 
t. c^oiisCu-c^oUfiCi^+ii^ci^ 

3. C^oH.Cl^-C^oHeCl^ 

4. C^oHeCle-C^oH^Cl. + H^Cl^ 

5. C2oH5Cl3=C2otf5Cl3 

• 

The first of these compounds chlorhydf^te of cMoro-mphia^ 
lase of Laurent is formed when naplitalpie Sfcsorbs chh^rine gas 
at the usual temperature ; it is a yellow oil, denser tliaii water 
and insoluble in it. When treated with potash it loses IICl, 
and gives the chloromphtaldse of Laurent, C^oHjCl 

The second, chlorhydrate of cldoronaphialese of Lajirent, when 
naphtaline is saturated with chlorine gas at 140”. •It crystal- 
lizes from ether in transparent rhomboidal tables, requires a 
temperature of 320” to fuse it, and forms a*crystalline mass on 
cooling. 

The third, chloronaphtalese of^Laurent, is procTuced bjf the 
distillation of the second, or by treatiri^ It with an alcoholic 
solution of potash, with -the separation of 2 atoms of hydro- 
chloric acid. It crystalli^ from alcohol in rhombic nrisms, is 
tasteless and inodorous, *and fuses at 111 . 2 ” (^4” ^entig^. Two 
other isomeric compounds of *the same formula exist, *one 
oil, the other obtained by potash^. 

The fourth compound, chlorhydrate of cl^foronaphtahse of 
Laurent, is produced by the* action of chlorine gas upon the 
third, at the usual temperature. • It much resembles the l}oay 
from which it is deriVed^ fuses at 105.8” (41” centi§.), and may 
be sublimed without chai^ie. 

The fifth compound, chforonaphtalise of Laurent, is*thej)ro- 
duct of the action of chlorine on the first or^fluid chloride of 
naphthaline in sunshine, or witfi heat anc? subsequent distillh- 
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tion of the oil formed. It crystallizes from ether in large 
striated prisms, wtiich are colhufless, inodorous, soft like be6s^- 
wax, fusible at 1G3®.4 (73® centig.). This compound is a naph- 
taline in whioh 3 atoms of hydrogen are replaced by 3 
atoms of chlorine. (Laui;ent, Ann. de Ohim. &c. Ixvi, 196). 

M. Laurent has o/itained two neutral substances and two 
acids,*from the action of nitric acid upon the naphfcalic chlorides 
(Ann. de Chim. Ixxiv, 26).: 


Oxichloronaphtalose 
Chloronaphtalosic acid 
Naphtalosic acid . • 

Oxichlorophtalenose 


C20H4CIA + HO 
C20H4CI O3 + O2 
i(C,6H404 +O2) 

C1SH4C130 


Ni*tronaphtaMe {nitronaphtalase)^ C20II7 + NO4, is produced 
on heating naplAaline With nitric acid^ by the separation of HO. 
It crystallizes freyt* Jilcojiol in four-sided prisms, of a sul- 
phur-yeRow coloid*^ fuses at 109®.4(43® centig.), and may be sub- 
limed when cautiously heated ; when suddenly heated it burns. 

Isitronaphdehyde {nitronaphtalese)^ CgoHg-f 2NO4, is formed 
by boiling the former compound, or naphtaline and nitric acid till 
no oily body floats o-n?'the surface of the liquid. It falls upon the 
cooling of the liquid as a yellow crystalline powder, fusible at 
365®, which may be sublimed without change, and is insoluble 
in water and alcohol. (Laurent). 

The actipn of nitric acid on naphtaline being continued 
for a longer time and at a higii temperature, after the expulsion 
of the nitric acid in nitrous fumes and the sublimation of the 
naphtalese, a feeble explosion takes place, and a coaly mass re- 
mains iijfthe retort. By repeating thc^tr^atment pf this mass with 
nitric apid, M. C. de Marignac obtained the three following new 
*pfoducts:‘ 1, Nitronaphtalise, C2oH,oN30,2orC2oH,o+3N04; 
a yellow, glutinous, rpsinous Substance, insoluble in water, dis- 
solved out of the-mass by ethei;. This substance is named by Ma- 
lignac according to the plan followed by Laurent of distinguishing 
compounds , obtained successively from the same root by the 
vowels, a, e, i, 0, etc.; the two preceding compounds being nitro- 
naphtalase and nitrOt\aphtalese, thi^* falls to be named nitro- 
naphtali'se. Alkalies decompose this substance, and convert it 
ipto — 2/ a broil^n Cjg^HgNOg, carbonic Rcid and am- 

monia; 3, nitronyphtalic add^ 2HO + C,fiH.r,NOi 5 ; a bibasic 
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acid, soluble in water, forming crystallizable salts. Tlie suit of 
emmonia is white, with thaJimre of mother of pearl, and 
resembles the crystalline plates of naphtalinc; it is readily dis- 
solved by water, and pretty soluble in alcohol.* The salts of 
silver and contaifl two atoms metallic oxide, the salt 

of lead four atoms. 

M. de Marignac also obtained di^vplahle liquid, which dfstilled 
over with the excess of nitric acid, in 4;reating the hydrocldorate 
of chloronaphtalese (C2oHgCl4)* with that acid, of which the 
constitution is remarkably simple, C Cl NO4, or C + 

This liquid, which is not named, is perfectly colourless, trans- 
parent, of density 1 .685 at 59®, of an odour excessively irritating, 
like that of chloride of cyanogen, and affecting the eyes, neutral 
to test-paper. Water dissolves a mere trace of it, but acqiiires 
thereby its smell and taste*. It dissolve:? easily in alcohol and 
ether; nitric and hydrochloric acids^ diss(i'^ only a very little 
of it. Its boiling point appears to be nmt ^eatly abhvt^ 212®. 
The aqueous solution of potash has no action upon it, the alco- 
holic solution dissolves it easily, ^nd after a time, a crystalline 
potash-salt falls, which is decomposed when heated, with explo- 
sion. The density of its vapour was not Ascertained.® 

The naphtalic acid, which is formed and remains ift the retort 
in the preceding process, did not possess the properties or com- 
position of the acid which M. Laurent obtained by a similar 
process. Marignac’s naphtalic acid contains nitrogen, with 
carbon and hydrogen in the pi^oportion jof CgHg, wdiich is 
inconsistent with the formula of the following acid.** 

Naphtalic acid, HO-fpyH203, is formed on heating with 
nitric acid the second cgnipound or solid chloride of i‘^phtf.line 
in the foregoing list (the chlorhydrate of chloronap^alese) ; 
ruddy fumes are given off, and the acid solution gives on 
centration a white crystalline cfsist, which is naphtalic acid. 
One equivalent of chlorhydrate qf chloronaphtalese and 1 0* equi- 
valents of oxygen give 2 equivalents of naphtalic acid, 2 equiva- 
lents of oxalic acid, and 4 of hydrochloric acid : 

CaoHgCl^ and lOO^aCgHaGa and and 4IIC1. 

% 

C. de Marignac, in Liebig's»An«aicn, vol. jjfS, pp. I & 13. 
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It crystallizes by sublimation in long thin prisms, resembling 
benzoic acid, which are inodorou", have a weak taste, fuse at? 
22 r, aVe soluble with difficulty in water, 'have an add re-action 
and form salts *with bases. (Laurent.) 

* Paramphtaline^ C 3 (,Hy 2 ; accompanies naphtaline in tar, and 
is deposited by the distilled oil when greatly cooled in crystal- 
line grains. It is distinguish^^d from naphtaline by its sparing 
solubility in boiling alcohol. It is also less fusible and less 
volatile, fusing at 356^ and' bdiling above 572^^ (300" centig.). 
its tbest solvent is oil of turpentine. It contains carbon and 
hydrogen in the same proportion as naphtaline, but on taking 
the density of its vapour, it is found that 3 volumes of naph- 
taline represent only 2 of paranaphtaline ; tlie density of the 

latte#: is 673'2. (Dumas and Laurent, Ann. de Chim. 1, ISJ). 

« 

S.ECTION V. 

BITUMEN. 

t 

A tarry matter, known as bitumen, is found native in various 
parts of tlie world, sometimes so consistent as to be termed 
pitch or asphalt, and often liquid and thin, as the native petro- 
leum or naphtha Persia and Rangoon. The latter, however, 
always holds much fixed matter in solution. 

According to the recent observations of MM. Pelletier and 
Walter, natural naphtha coffsists of several liquid and one 
solid compound, paraffin namely, which it contains ready 
formed. The liquid compounds are hydrocarbons, which these 
chemist^ nanje naphtha, naphteqe^nd naph^.ol. They are 
^parated from each other by distillation, as they have different 
boiling points. 

Naphtha^ CJ 4 H 13 ^rboils between 185® and 194®, is decom- 
posed by sulphuric and nitric ^acid, particularly with the aid of 
llteat, less affected by chlorinp; iodine dissolves in it. The 
density of ‘its vapour is by obsjgrvation (1400, by calculation 
3390. 

JS^aphpiene,^ is denser than naphtha, oily, and boils 

at 2 S 9 ®. The djpnsity of its vapour is by observation 4000, by 
calculation 3920. Naphtene tW forms, from its composition, 
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the fourth member of the 'series of hydrocarbons to which ole- 
fiant gas belongs : 


Methylfene (hy^thetical) €3 
Olefiant- gas . , . C 4 H/ 

Oilgas .* . . Cf, Hg 

Naphtene . . , * 0 ,,, H,g 

Cetene . . . C 32 Hgg 


Naphtol, C 24 H 32 ; like naphtene, greatly resembles naphtha 
in its chemical properties, boil» at 87*4“. The density of it^ 
vapour is by observation 5300, by calculation 5600. Napfitol 
and naphtene give compountls with chlorine, bromine and 
iodine. 

It is evident from its compositioT> that natural naphtha must 
be the product of the action upon vejjgtable ^natter of aTiigh 
temperature, which has not however exceeded a red heat.* 


CHAPTER IV. 

AMYGDALIN AND THE BODIES DERIVED FROM ITS DECOMPO- 
SITION. 

SECTION I. 

AMYGDALIN. 

The formula of anhydrous amygdalin is C^oH 27 N 6 . 22 * 

This is a principle in the bitter almond and berries of the 
cherry-laurel, of which the discovery is due to Robiquct and 
Boutron-Charlard. Its sii^War decomposition^and the nature and 
relations of the products resulting from it were abl^ investigated 
by MM. Liebig and Woehler^n a memoir, •the publication m 
which formed an important era the progress of organic che- 
mistry (An. de Chim. li, 273.) ^ ^ • 

A fat oil is obtained by submitting blanched bitter almond^ 
to great pressure between two* hot iron plates ; the matter 
which remains, or the* alrhond cake, is the source of amygdalin. 
It is treated with boiling alcohol of 93 or 94 per cent applied to 
it in successive portions, and the alcoholic solutiofis evcfporated 
by a water-bath to a syrupy consistence. ^To Vemove.a quan- 
* JouiJialde Phaynade, t. 26, p.^549. 
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tity of sugar which prevents the amygdalin from crystallizing, 
the residue is diluted with wafer^-s little yeast added to it, and 
it is left to ferment in a warm place. After the fermentation 
ceases, tlie liquid is filtered and evaporated again by a water- 
bath to a syrupy consistence. On iliixing the syrup with a 
portion of strong alcqhol of 94 per cent, all the amygdalin pre- 
cipitates in the form of ajiyhite crystalline powder, which is 
pressed in folds of filter py.per, and afterwards purified by new 
crystallizations from alcohol.* (Liebig). 

4s crystallized from alcohol, amygdalin retains a portion of 
that substance in combination, which it loses when exposed to 
air. At the ordinary temperature it is scarcely soluble in anhy- 
drous alcohol, but as more easily dissolved by boiling alcohol. 
It ig very •soluble in watet, and crystallizes from a solution 
saturated at 104‘* in large transparent prisms, of a silky lustre 
which contain per ^cent of water, or 6 atoms ; dried in 

vacuo ^ over sulpli^ic ?cid the crystals lose 3.52 per cent of 
W’ater, equivalent to 2 atoms. The crystals are not volatile, but 
are decomposed by a high temperature, diffusing the odour of 
hawthorn, and leaving a bulky charcoal. 

Dry chlorine has x\\j effect upon amygdalin ; humid chlorine 
converts iV into a bulky white powder, insoluble in vrater and 
alcohol, which has not been examined. Heated with dilute 
nitric acid, or with 'peroxide of manganese and dilute sulphuric 
acid, amygdalin produces ammonia, volatile oil of bitter almonds, 
benzoic acid, formic and carbonic acids. Hy permanganate of 
potash in decomposing amygdalin gives rise to cyanate and ben- 
zoate of potash. Caustic alkalies convert amygdalin into ammonia, 
which iijf disengaged, and amygdalioiaqid, a peculiar acid, which 
remains* in co\nbination with the alkali. 

AMYGDALIC ACID. 

• « 

», Formula : HO + C4oH2g024. This acid was first obtained by 
Liebig an<^ Woehler, by the action of alkiilies upon amygdalin. 
It is best prepared by^ dissolving anjif gdalin in barytes-water, 
and maintaining the* Ajixture in a stj^t^e of ebullition, so long as 
ammonia is disengaged ; the barytes is then removed by sul- 
phuric acid, ani thp liquicj evaporated by a water-bath. . In the 
formation of this^ acid, 1 atom, of amygdalin and 2 atoms of 
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water are resolved into 1 atom of ammonia and 1 atom of anhy- 
drous amygdalic acid ; 

C^oHayNOaaVnd 2 and NH3. 

Amygdalic acid is obtained by cvajloration as a transparent 
colourless amorphous mass ; it has a v^ry agreeable acid, taste, 
is insoluble in alcohol and ether, •but so soluble in water as to 
deliquesce in damp air. 

Nitric acid and the mixture* of peroxide of manganese and 
dilute sulphuric acid act on amygdalic acid as on amygdalim* 
allowing for the absence of nitrogen from the former, the pro- 
ducts being volatile oil of bitter almonds, formic and carbonic 
acids, all of which are disengaged in the statfi of gas. 

Little is known of the amygdaiates ; they appe%r to lie in 
general soluble salts, with *the exception* of a Sasic salt of lead. 
Amygdalin, it will be observed, has Jthe csr!|y 30 sition of amyg- 
dalate of oxide of ammonium, from which me elements of 3 
atoms of water have been abstracted ; or it has lost 1 atom of 
water more than a true amygdalainide (Liebig). 

SECTION II. 

BENZOYL SERIES OF COMPOUNDS. 

Benzoyl or henzdile^ C14H5O2—BZ. This is the hypothetical 
radical of a series of compounds, including benzoic* acid, (from 
which it derives its name), and the essence or volatile oil of 
bitter almonds* The last substance is derived from amygdalin 
by various means. Amyg^lin exists also in thd kernels of many 
fruits, and in tBe leaves* of the laurel. 

BENZOIC^,ACID. 

Formula: HO,aj4H503=^HO, BzO. This acid exists 
ready formed in several resins, particularly benzoin and dragon s 
blood. It is produced .by thc^ decomposition of amygdalin by 
oxidating matters, by the jDxidation of e«s^yce of bitter almonds, 
of hi|)puric acid, and in many other circhmstances. 

* Benzv.lt of several English •cbemicaf writers. 

i KtK 
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To prepare benzoic acid from the resin. Dr. Mohr directs 1 
pound of it be broken and* spjread uniformly in a cast iron 
bason, t8 or 9 inches in diameter and 2 ityihes deep, the mouth 
of which is then covered, like a drum, by unsized paper pasted 
down at the edges. A ^cylindrical vessel of paper of the size 
and ordinary form of man’s hat is pulled over this, and bound 
about* the bason by a thread. The bason is then placed on a 
sand-bath for three or foijr lioars, attention being paid to the 
management of the heat, for. the beauty and purity of the pro- 
/luct depend entirely upon the slowness and regularity with 
which the sublimation is effected. The paper cylinder is found 
completely filled with suj'erb crystals of benzoic acid of splendid 
whiteness and perfectly free from the black empyreumatic oil 
which -they^fire generally soiled with ; but having on the contrary 
a strong and very agreeable odour of benzoin. This process 
yields about 4 per c^nt of benzoic acid. 

Benzoic acid i»^ also, prepared in the humid way ; the resin 
is finely pulverised and care taken to mix it intimately with an 
equal weight of hydrate of lime ; the mixture is then boiled with 
twenty times its weight of water by which the benzoate of lime 
is dissolved ; the sohjition is filtered, and after being concen- 
trated to about one-fifth of its bulk hydrochloric acid is added, 
by which the benzoic acid is liberated, and crystallizes on cool- 
ing. The chief p6int to be attended to in this process is tlie 
mixing of the resin and hydrate of lime, which must be inti- 
mate, otherwise the mass agg^mcrates in boiling water, and the 
benzoic acid can ohl^ be obtained by reducing the mass to 
powder and mixing it again with hydrate of lime. 

The l^nzoic bcid may be purifiedjoy a second sublimation, 
or by fending a 'stream of chlcftine* through' its solution in 
boiling' water (Liebig’s Traits.) * 

Benzoic acid crystallizes ji'hen sublimed in long hexagonal 
silky needles ; when 'pure it is colourless and inodorous ; but 
^t acquires by heat an odour, analogous to<that of benzoin. Its 
taste is street and hot, but quite peculiar. It reddens litmus 
feebly ; waler dissolves * of it3*weigbt of benzoic acid at 212®, 
and rU only at the ordinary temperaiiuFe. It is soluble in two 
parts of 'alcohol and the same quantity 'of ether, and dissolves also 
in oil of turpentine. Benzoic acid fuses at 248”, and s^blupes at 
^93% phosphorescing in 'the 'dark; it,^boiis at 462®.2 (239® 
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centig.) ; the density 6f its vapour is 4270 by experiment, and 
4260 by calculation. Heated m open air it allows a white 
vapour to diffuse, vihich greatly irritates the fauces add pro- 
vokes coughing. It is very inflammable, and burns with a white 
smoky flame without le&ving any resi^jae. 

Benzoates^ Benzoic acid is readily di^olved by alkalies and 
alkaline carbonates, and also by, phosphate of soda. Several 
insoluble benzoates are dissolved, according to Lecanu * and 
Serbat, by acetates of potash •and soda and nitrate of soda, 
while they are insoluble, in nitrate and sulphate of potash,iaHd 
sulphate of soda. Ammonia forms a neutral and acid benzoate ; 
the last presents itself in large regular crystals. The salts of 
potash^ 8oda^ lithxa^ and magnesia are very scduble, and crystallize 
with difficulty. The salt of lime is soluble in 20 parts Of# cold 
water, and in a greater proportion in ^^oiling water ; it crys- 
tallizes in flexible needles, or brilli^t priims, which contain 1 
atom of water of crystallization. *lienzoafce of afunhina is 
obtained as a crystalline precipitate. Benzoates of manganese 
and protoxide of iron are pretty soluble. Neutral benzoate of 
o/imijFejOgH-BBzO, is soluble in water and alcohol 
and crystallizable. But peroxide of iron4» thrown flown in the 
form an insoluble sub- benzoate, of a reddish white or huff colour, 
when a soluble benzoate is added to a solution of peroxide of 
iron, previously neutralised without precipitating any peroxide of 
iron by means of ammonia. To prevent the decopiposition of 
this precipitate and the formatiouf of a soluble benzoate of iron, 
it should be washed by a solution of sal ammoniac. Benzoate 
of ammonia is often employed to separate peroxide of iron from 
oxides of manganese, nictiel, and zinc, but ;vhen the ^solution 
contains at the same time alumina, yttria, zircoAa, or glucina, 
the process does not answer, as the benzdktes of these oxides 
are equally insoluble with that oS peroxic^e of iron. Benzoate 
of lead is nearly insoluble ii^wqter, but soluble in acetic acid, 
from w'hich it may*be obtained crystallized in plates, which 
contain 2 atoms 0^ w^ter, one of w'hich it abandons*when dried 
at 212^ Solutions \)f lin alkaline benzoate and trisacetate of 
lead, give a white anhyd^us and insoluljkf precipitate, which is 
basic bhhzoate of lead consisting of 2 atoms of benzoic acid 
united Wflji 3 atoms of oxide of^ead^ Beijzoate of siher is oTj- 
tiiihed in colourless needles, flattened and brilliant, on treating 
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a boiling and dilute solution of an alkaline benzoate with nitrate 
of silver, and allowing the liqftiidXa cool. 

/■ 

HYDRURET OF BENZOYL, OR ESSENCE (VOLATILE OIL) OF BITTER 

ALMONDS. 

Foi^jtoula 01411502 + H=Bz,H* The crude oil obtained by 
distilling laurel leaves or, bitter almonds with water, contains 
hydrocyanic acid, benzoic acid and some benzoine (a solid oil) ; 
it is purified by a new distillation with water, protochloride of 
iron and hydrate of lime in a thin liquid. The oil which 
distils over may be dried perfectly by digestion with chloride of 
calcium. 

Pure hydruret of benzoyt is a transparent colourless liquid, 
of high refracting powder ; its odour strong and peculiar hav- 
ing some resemblanbe to that of hydrocyanic acid, its taste 
burning. It is pc&onous. The density of the oil is 1.043, its 
boiling point 366^5 its vapour maybe transmitted through a 
tube heated to redness without being decomposed.^ It inflames 
easily in air, and burns with a white smoky flame. It is soluble 
in^30 partp of water,- and maybe mingled in all proportions 
with alcohol and ether. Nitric acid dissolves hydfuret of 
benzoyl, but converts it with difficulty into benzoic acid. 
Hydruret of benzoyl is gradually converted in air into benzoic 
acid by absorbing 2 atoms of oxygen, an atom of water being 
forjfiied at the same time whiph combines with the benzoic acid 
formed. In presence of an alkali it absorbs oxygen rapidly 
and is transformed almost immediately into a* benzoate. When 
mixed with dry 'hydrate of potash, gi^'d distilled at a high tem- 
perature out <of contact with air, It forms benzoate of potash, 
b^ the decomposition of water, knd pure hydrogen gas is dis- 
^ngaged. Submitted to a mj^derate hqat with an alkali it gra- 
dually produces, cuccording to Fremy, an alkaline benzoate and 
^ volatile oily liquid very rich in hydrogen? Dilute solutions of 
the alkalies^ barytes, or lime-waeter, dissolve hydruret of benzoyl, 
but do not ‘^alter it, even whenikept for M hours at 140® or 
160®, provided air isi excluded. But Ml these solutions furnisli 
a nptabte quantity of the solid benzoine, when after having 
added to them s*me drops of hydrocyanic acid they ar^ exposed 
to temperature of 158®! On treating hydruret of ?benzoyl 
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with* an alcoholic solution of potash, it passes in a few seconds 
into benzoate of potash which floa^g upon the alcohol ; a portion of 
the hydruret of benzoyl wfflSli loses oxygen being converted at 
the same time into oil of unknown composition retained in 
solution by the alcohol^ 

Chloride of benzoyl Cj4H5O2 + 0l=Bz,Cl ; is formed on 
transmitting chlorine gas through dry. Hydruret of l)en^ayl, so 
long as hydrochloric acid is disengaged, and heating the yellow 
liquid to expel the excess of , chlorine* till it becomes colourless. 
The atom of hydrogen of the bydrur^ of benzoyl is removed 
by one atom of chlorine, and replaced by another, as in nrdf- 
nary substitutions. 

Chloride of henzoyl is a colourless liquid, of a vtry penetrat- 
ing and disagreeable odour, which.afFects tfie eyes ; its density 
is 1 , 106 *; it boils at 383 ® (,ll) 5 ® centig.). It may^be dTstilledffrom 
lime or barytes without change. It n^ixes with ether and 
bisulphuret of carbon without d0cpmpR^^fion. Cold water 
converts it more slowly than hot watef into hydrochloric and 
benzoic acids ; with alkalies it produces an alkaline benzoate 
and. chloride of the same metaU With alcohol it produces 
benzoate of ether and hydrochloric acid. 

Bromide and iodide of benzoyl crystallize in transparent 
colourless plates. 

Sulphurel of benzoyl is obtained by distillyig chloride of ben- 
zoyl with sulphuret of lead, as a yellow oil, which fixes as a soft 
crystalline mass, having a peculiar disagreeable odour. 

Cyanide of benzoyl is prepareef by distilling chloride of ben- 
zoyl with cyanide of potassium ; it is, after rectification, a 
colourless oil having a irong cinnamon odour which excites 
tears. • 

Benzamidei Bz+NH2=Bz,Ad ; is prepared by ^saturating 
chloride of benzoyl by dry ammoniacal gas ; pulverising ffie 
white solid mass which is formed,® washing it with cold water to 
remove sal ammoniac, and dissolving the residue in boiling 
water, which deposits the benzamide on cooling. It crystallize® 
in right rhomboidal prisms, or in small tables of a pfearly lustre, 
fuses at 239 ® into a coloprless liquid, and may be distilled at a 
Wgher ^enaperature. It is« soluble in alsRfiol and ether, as well 
as in water. Acids and alkalies decompose it, with thepre- 
aenqe of ^ater, into ammonia aiKi bonzoic acid. 
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Formohenzotlic add^ HO-f This add containa 

hydruret of benzoyl in combi 5 J»tion with formic acid. It is the 
result of the action of dilute hydFoobloric acid upon the crude 
distilled water of bitter almonds which conftains the essence and 
hydrocyanic acid. The latter acid is decomposed in contact 
with water and a strong Wid, into ammonia and formic acid, 
the lagt of which unites in the nascent state with the oil. 
This acid is a white crystalline^ powder, very acid, fusible into 
an oily liquid by lieat with 'loss of lyater, soluble easily in water, 
alcohol and ether; capable of" decomposing with aid of heat the 
actotaies, carbonates and benzoates. Its aqueous solution when 
submitted to oxidating agencies, such as chlorine, nitric acid, 
and peroxide of manganese with dilute sulphuric acid, gives 
carbonic acid and hydruret of benzoyl. 

FofitmobeXzoilif acid has the same saturating power as formic 
acid, and belongs to «t;hat class of acids into the constitution 
of which iBorae for^l^n body enters without neutralising them. 
In the formation of its * salts, the basic water of the formula 
above is replaced by a metallic oxide. 

Benzoate of hydruret of benzoyl ; a body which consists of 
1 atom of hydrated benzoic acid united with 2 atoms of hydruret 
of benzoyl^ It is piepared by saturating tlie Crude essence of 
bitter almonds by humid gaseous chlorine; after some time 
the new compound is deposited in a crystalline mass, which is 
washed with cold ether. It forms either a crystalline powder 
of great whiteness, or slender short prisms of a square base, 
transparent and brilliant. It fs soluble in alcohol, very slightly 
soluble in cold ether, and insoluble in water. It is decomposed 
immediately by an alcoholic solution of hydrate of potash, which 
deposits Jbenzqate cf potash after a«tirfio in regular crystals. 


hippOric acid. 

•Formula: HO + CigHgNOg. 

lliis acidWas discovered by Liebig, ^diobviously belongs to 
the benzoyl series^ although its exact j^lace cannot at present be 
assigned to it ypth certainty* It has been tiewedat a compound of 
bensiamide-with sjfi orglMPiic acid namely C 4 HO^ (nconitiq^ fumaric 
os equisetic acid) $ or as a compound of Hydrttret of i^nzoyl> 
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%y4rb0yi|nic and fo^ It exists in large quantity in the 

urine of herbivorous tnammifenip and was first derived from 
horse ; hence it^^ 

To Jirepareit the f^esh urine of the cow or horse is evaporated 
by a gentle heat, care being taken not to allrfw it to enter into 
ebullition ; it is then made sharply •bcid by means of hydro- 
chloric acid^ and left to itself. The hi|fpuric acid which crys- 
tallizes from this liquid is colpfired and impure, but be 
purified by adding a little hydrochloric acid to it with portions 
of chloride of lime till the odou» and cdlour disappear. 

Hippuric acid crystallizes in pretty large semi-transp^rc^it 
prisms of four sides and dihedral summits, which have a slightly 
bitter taste, and redden litmus strongly. They fuse by heat 
into an oily liquid without loss of weiglit ; at a higher tempe- 
rature the acid undergoes decomposition andjs convertecf into 
benzoic acid and benzoate of ammonia, which distil over in red 
drops, diffusing an agreeable' odoutJikerf^t of the. Tonquin 
bean, which is occasioned by an oily product of the reaction ; 
while towards the end of the distillation hydrocyanic acid 
appears and^a porous residue of charcoal. Cold water dissolves 
9 U of hippuric acid, hot water dissolves jit very abundantly 5 it 
is more soluble in alcohol, and ver;^ slightly, soluble in 
ether. 

Hydrochloric acid dissolves hippuric acid without decompos- 
ing it; nitric acid converts it almost immediately into benzoic 
acid. Peroxide of manganese and sulphuric acid convent it, 
with the aid of heat, into carbonic acid,«ammonia and benzoic 
acid. Boiled with puce, coloured oxide of lead, hippuric acid 
is converted into benzaniide and carbonic acid% 

After the urkie of the fforee is left to itsetf for^a long time, or 
evaporated rapidly, it contains benzoic apid and no hippuric 
acid. M. Liebig expresses an qpinion that hippuric acid is not 
a product of the animal economy, but comes from the fpod of 
the animals, in whiph it mfty bxist ready formed. For it is 
observed that the urine of horjes living on green food, always 
furnishes hippuric aci(b whilothc urine of animak fed on dry 
herbs or hay^ which h|s undergone •a kind ot fermentation, 
only benzoic achJf Mr. Alcxaiftfer Ure has spice made 
curious observation that benzoic acid. ta|fen internalfy by 
is ^scharged in the urine 'as Wppurio acid, while thq pro- 
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portion of uric acid in the urine suffers at the same time a great 
diminution or is reduced to npthing.^ 

The hippurates of the alkalies anil alkaline earths are soluble 
and crystallizable. Those of the metals ^proper with the ex- 
ception of iron a‘re very sparingly soUible in cold, but more 
soluble in hot water and'** crystallize on cooling. The stronger 
acids operate hippurft acid from all the hippurates ; distilled 
with lime or hydrate of potasli, they give ammonia with an oily 

liquid supposed to be benzm. 

« 

^«»iK)DUCTS OF THE DECOMPOSITION OF BENZOYL COMPOUNDS, 

Hyposnlphohenzoic acidy 2110 + 01411403,8305; a bibasic 
acid discovered by Mitscherlich. It is prepared by conducting 
the \apour ot anhydrous sulphuric acid into a dry receiver con- 
taining benzoic '^acid aiid surrounded by cold water ; a viscid 
mass is formed lik^ turpentine, which is taken up by water, and 
after the'uncombided benzoic acid has subsided from the liquid, 
the latter is neutralised with carbonate of barytes, and after 
evaporating the mixture, somp hydrochloric acid is added to it ; 
the acid hyposulphobenzoate of barytes crystallizes upon cooling. 
The free acid is obtauiUd by precipitating the barytes of the last 
salt by sulphuric acid, filtering, evaporating the solution by the 
naked fire and finally in vacuo over sulphuric acid ; in this w^ay 
the acid is obtained in a crystalline state. The crystals may 
be heated to 302® without alteration, but at a higher tempera- 
ture* they are decomposed. ♦ 

This acid forms both an acid and neutral class of salts, the 
first containing one atom of water apd one atom of metallic 
oxide as base, the other two atoms ofcnjetallic ojiide. All these 
salts* wh£n distilled with an excess* of hydrate of potash leave a 
residue composed 6f sulphate and sulphite with carbonate of 
potash, indicating the presenfse of hyposulpburic aad in the 
original compound. Acid hyppmjphobeazoaie of barytes crys- 
tallizes in oblique rhomboidal prisms, soluble in 20 parts of cold 
water, and containing 9.6 per cbnt of water of crystallization or 
3 atoms, which it loses at 212®. * 

Neutral hyposulphf^>e^pQie efbaryte^y 2BaO + 0^411403, 
is obtaiuad by*^ l^oiling the acid salt with carbonate of barytes ; 

^ Pro(^iiigs of tbe PbaSmiweutiMil at Mr. BeU*a, Pilrt 1, Vol. !• 18^^* 
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it is iBore soluble than the former salt, but crystallizes with 
diflSculty in a regular form. It nflll be observed that hyposul- 
phobenzoic acid is formed b^the abstraction of the elements of 

1 atom of water froiA 1 atom of benzoic acid and 2 atoms sul- 
phuric acid, and that it Retains the saturating ^ower of 2 atoms 
of acid, being bibasic. 

Nitrnbenzoic or benzoenitric acid^ HO + CJ4H4O3, an 
add formed by the abstraction^ HO from the elements of 
nitric acid and benzoyl. It is prepared by boiling benzoic"^ acid 
with an excess of nitric acid, the first fc dissolved and colours 
the fluid red ; deutoxide of nitrogen is evolved as an accidcftitiil 
product arising from the action of the nitric acid on the nitro- 
benzoic acid already formed. From the cold solution crystals 
similar to benzoic acid are deposited; tiie fluid eventually 
becomes a solid crystalline mass. At 50*^, 4Q0 pafts of llrater 
dissolve 1 part of the acid, at 212® 10 part*. It dissolves easily 
in alcohol and ether ; fuses at 26*0®.0 ,(l2l^'^entig.), but begins 
to $ublime at 230® ; the pure acid subliihes unchanged ; c*hlorine 
has no action upon it. 

The nUrobenzoates are for the most part soluble in water and 
alcohol, crystallizable, explode by heating, and w^hen gently 
warmed give off nitrobenzide (Ci2H5NCf4). Ammdr^ia forms a 
neutral and acid salt. The salt of lime is acicular and contains 

2 atoms of water, which are driven off at *S74®. The salt of 
barytes loses 4 atoms of water at 212®. The salt of strontian 
loses 2l equivalents of water at 26G®. When acid nitroben- 
zoate of ammonia is added to a solutiontof sulphate of zinc, a 
gelatinous basic salt precipitates, containing 4 atoms of oxide 
of zinc to 1 aitom of a«id. The filtered solution gives the 
neutral salt of aiiic in crystalline plates, which contain, 5 atoms 
bf water. Tlie salt of coppenis a blue porwder soluble in hot 
water, containing 1 atom of water. Besides a neutral nitroben- 
^oate of Uadf a remarkable sub-s&lt exists, in which 1 atom of 
oxi^e cff lead is united with 5* atoms of the neutral salt. Nitro- 
benzoic aqid forms fine crystallizable compounds with botti 
oxide of eihyl and oicid^ of methyl. (Mulder, Mitscheriich.) 

Brormbmzoic acid, 2pO + C28HgBtOQ^ a bibasic acid,dis- 
co^ed by Pdigot, and •farmed by thef^action pf 4 atoms of 
upon 2 atems of benzoate of silver : ^ 

C^HtoOg+2Ag and aiid 2AgBr afid HBm 
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Wlien bromobenzoic acid is precipitated from its salts by a 
Strang acid} the latter assuntfts the two atoms of water of the 
bromobenzoic add, which is thfSVn down anhydroas. 'Hie 
bromolbenzoates are in general orystalliisable salts, that of the 
peroxide of iron is insoluble, and has the properties and appear- 
ance of the benzoate of iion. 

Be'n-jole. 

^ Syn. Benzin, benzene, phene: Formula 
*''liiis compound, which is named benzole by Liebig, the 
termination ole being assigned to hydrocarbons, was originally 
obtained by Mr. Fpraday from the condensed liquid of com- 
pressed oil and described under the name of bicarburet of 
hydrogen ; more lately Mitscherlich found that it was the 
principal product forjned on distilling benzoic acid with hydrate 
of limp,. and nanrid it benzin. By the abstraction of the 
elements of 2 atoms of carbonic acid from 1 atom of crystallized 
benzoic acid : 


Benzole u prepared by distilling I part of crystallized benzoic 
acid with 3 parts hydrate of lime; rectifying the oily product 
by a second distillation with water, or better from quicklime. 
It is a limpid colourless bguid, of a peculiar ethereal odour 
which is agreeable; jits denUty is 0.85; it boils at 186”.8 
(86** centig.) ; the density of its vapour is 2378, its combining 
measure 4 volun^es ; at 32° it becomei^' a crystalUne mass, which 
bepqmes liquid at. 44°.6 (7° centig.*/* > Benzole, is insoluble in 
water, e^uble^in alcohol and ethpr. It is not decomposed by 
ally hydrafed acid. 

Sulphobenzidet Ci.^HgSOj*' (Mitscherliqh). Benzole like 
naphtidine affords several products whpn decomposed by 
acids. When exposed to the vapour of anhydrous sulphuric 
acid it form% a viscid liquid, wHipb dissolves entirely in a small 
quantity of water; on i^lding a larger quantity of water, sul- 
phobenzide falls as a'l^Kcipitate, nrhipH> dissfdv^ in ether, gives 
sulphobe'nzide ciystaUized, by evapondictn* jSnlpbobenzide is 
a, colourless subkaaoe, perfectiy neutral ; it fuses et 212°, boils 
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at a Higher temperature and sublimes unchanged. In the for- 
mation of this substance 1 atom^f anhydrous sulphuric acid 
and 1 atom of benzole abandbS 1 atom of water : 

CiaHg and'S 03 =C, 2 H 5 S 5)2 and IIO. 

Hypoaulphobenzidic acid, sulp^dbenzinic acid, bmzosulphuric 
acid, HO, CuHgSaOj ; this iicid remains in the liquid wTiich 
deposits sulphobenzide. It is also* produced on dissolving ben- 
zole in oil of vitriol, or in fuming sulphuric acid. It is a vei*^ 
acid liquid, which crystallizes, and resists a temperature of 
392®. It may be viewed as a compound of sulphobenzin with 
hydrated sulphuric acid. Hyposulphobenzidate of copper forms 
large regular crystals. (Mi^scherlich). 

Nitrobenzide, C, 2 H 5 N 04 , a liquid compound obtained by 
dissolving benzole to saturation in hot conVntratcd nitric acid ; 
on diluting the acid with water and illowing it to cool, the 
liquid separates and subsides to the bottom. At 59® nitroben- 
zide is yellow, has a sweet taste and the odour of cinnamon. 
Its density is 1.209, that of its vapour 4294; it boils at 433.®4 
(223® centig.), crystallizes in needles at (3® qpntig.). It 

is insoluble in water, soluble in alcohol and ether; dilute 
acids also dissolve it; alkalies do not decompose it. (Mit- 
Bcherlich). 

Azobemide, C 12 H 5 N, a volatile, red, crystallina substjjnce, 
obtained on distilling an alcoholic solation of nitrobenzide 
with dry hydrate of potash. It is fusible at 149®, and boils at 
379®.4 (193® centig.). • 

• Chtwide qf benzole, XDj'jHflCle, a crystalline ^ubst^ce,. ob- 
tained on exposing benzole* to chlorine gas, in sunshine ; 6 
atoms of chlorine unite with the ^benzole without displacing any 
hydrogen. (Mitscherlich). * • , 

CMwobmzide, Cj^HsCls, an oily liquid, obtained by distilling 
chloride of benzole from hydrate of lime. It boils at 410®, ita 
density is i.l57, that o^its vapour 6370. 

Bromine forms analogtjus compounds with benzoic. 

BenXene, CisHgO, one«f the liquid®products,of the distilla- 
^n Of or^etaUized benzoate of lime : 
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I at. of b^nzone . . . CjgHjgO 
1 at. of carbonic acid. . C O, 

1 at. of lime . . . T* CaO. 

i 

1 at..of^enzoate of lime C14H5 Og+CaO. 

The crude product olF the distillation contains also benzole 
and naphtaline, of the* first of which it is divested by heating it 
on a water-bath, and keeping it for a sufficient time at 392*^, 
and of the second by exposing the liquid thus obtained to a 
cold of —4®, when naphtaline c separates. Benzone is oily and 
vlsdid ; not altered by nitric acid and hydrate of potash, but 
decomposed by chlorine and sulphuric acid. (Peligot). 

PRODUCTS or THE DECOMPOSITION OF HYDRURET OF BENZOYL. 

r 

^ n o 

Hydrohenzamide^ or Hydruret of ben- 

zoyl is acted upon/*Vhen ^loixed with twenty times its volume 
of a concentrated solution of ammonia in a vessel hermetically 
sealed, and kept for several hours at a temperature of 104® to 
122® (40 to 50® centig.). A crystalline mass of hydrobenzamidc 
is formed, which may be purified from the oil by washing with 
cold ether^* in which ^hydrobenzamidc is insoluble, dissolving 
the residue in alcohol, and evaporating at the usual temperature, 
when hydrobenzaiqide is obtained in regular crystals. They 
are colourless octohedrons or rhomboidal prisms, which enter 
into, fusion cat 230®, and are decomposed by dry distillation 
leaving a residue of charcoal/ The alcoholic solution is con- 
verted by boiling into ammonia and hydruret of benzoyl. This 
substance is formed by the abstraction of the elements of 6 
atoms of water from 3 atoms of hydriJrot of benzoyl and 2 atoms 
of ammonia (Laurent) : 

3 (Ci^HfiOj) and 2NH3=C42HigN2 and 6HO. 

< 

‘-The whole oxygen of the oil and whole hydrogen of the 
ammonia separate as water } ther forma|iou>of this substance is, 
therefore, different from that of an, ordinary amide. It is, 
indeed, simply, a hydnitet of benzoyl^ oin which the 2 atoms of 
oxygen are replaced by Ni. 
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Benshydramide, a crystalline substance, isomeric with hydro- 
benzatnide. Azobmzdile, C^HjgNij, or C,4H5N| ; a white crys- 
talline powder, soluble in alcohol. Benzoilic azotide, Cj^HgN, 
a white, insipid, crystalline powder, insoluble in ^joiling alcohol. 
These three bodies were derived by Laurent from a yellow 
resinous mass, which is formed by ^e action of solution of 
ammonia, upon the crude essence of ’bAter almonds of com- 
merce. \ ^ 

Hydruret of sulphobenzoylf C14P5S2 + H 5 a body represent- 
ing the hydruret of benzoyl, of which tfie 2 atoms of oxygen qif 
the benzoyl are replaced by 2 atoms of sulphur. M. Laurent 
has generally succeeded in preparing this compound by dis- 
solving 1 volume of the crude essence of bijter almonds in 8 or 
10 volumes of alcohol, and then adding gradually 1 volume of 
sulphuret of ammonium. . The liquor hi^comoB turtid in a few 
minutes, and allows a white powder to fall, similar to farina. 
By throwing this on a filter, and wa’shing it’ several timp s with 
boiling' alcohol, the hydruret of sulphobenzoyl is usually ob- 
tained pure. It is white, pulverulent, and composed of small 
rounded grains, like those of stdrch, without a trace of crys- 
tallization. Although apparently inodor^s, it corojuunicates a 
highly disagreeable odour to the hands, ft is insoluble in water 
and alcohol, slightly soluble in ether. It is slowly decomposed 
by an alcoholic solution of potash.* 

Hydruret of sulphazobenzoyl, a prystailine compound, formed 
by dissolving essence of bitter ^ilmonds in 4 or ST volumes of 
ether, adding to it 1 volume of sulphurfet'of ammonium, and 
leaving the whole for lateen days or a month. It forms a 
white crystalline crust, ^J^nch it is necessary to dissolve and 
crystallize from ether lo pdrify it. Its aiialysis represeilts a 
compound of 6 atoms of hydrbret of sulphobenzoyl with* I ajpm 
of hydrobenzamide : • 

+c«h,8n; 

Other views may, be taken, of the constitution, 'of this sub- 
stance. On the theory ^pon which it is named by Laurent, it 

* Sur de Nouvellcs combinaijsons benzoiliques azot^es et ftulphuf^es; par M. 
Laai^nt.— 'Annales de Chimie. &c. 3iiie S^rie, tome 1, p. 29fi. 
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is benzoyl in which the 3 equivalents of oxygen are replaced by 
2 equivalents made up of 8uli^ui;jgnd nitrogen : 


C,,H8S4N*+H. 

* 

Or, multiplying the preceding formula by three, as 2 atoms of 
hydnijet of sulphobenkoyl, and 1 atom of hydruret of azoben- 
zoyl : 

2 (CHHsg3+n)+(ti,,H5Ni-m). 

ih these formula, N+ is made equivalent to S or O, an opinion 
which M. Laurent has long maintained. 

Benzimide, CjgHjjNO^, a substance discovered by Laurent 
in crude essence of bitter almonds. It crystallizes in white 
needles, which h«.ve a pearly lustre and are very light. 

# 

/ *' * 

ISOMERIC, CfOMPOUNDS OF BENZOYL. 

Bmzdine, Ci4Hg02, a crystalline substance, having the same 
composition as hydruret of ‘benzoyl, into which tiie latter is 
often converted in a, manner that is not understood. It is 
never prodjiced in the pure hydruret of benzoyl, but is formed 
in the essence, which contains hydrocyanic acid, by the pre- 
se^pe of alkalies, sulphuret of sodium and cyanide of potassium. 
The essence may be converted entirely into benzoine, by mix- 
ing it with an equal volume of a solution of potash in alcohol 
kept cold. It is purified by repeated crystallizations from 
alcohol. . 

Benzoine crystallizes in colourlesi;^ prisms of high lustre, is 
inodoroq^, tasfelesS, fuses at 248 Vand* distils dt a higher tem- 
perature without being modified. • It is slightly soluble in hot 
wa'ler,but insoluble in cold, more soluble in hot than cold alcohol. 

Hy^Tobenzmnamide} a white powder, obtained by treating 
benzo'ine with solution of ammonia at a gentie heat, isomeric 
ufith hydrobenzamide (Laurent). 

Benziki ^^411502, a substaned which ciYEtalUzes in regular 
sui-sided prisms, of {^rhembic base, and sulphuisyellow colour; 
formed by passing a sti%am of chlorAid gas tiirough fused ben- 
zdine, so long aa hydrochloric add is disengaged. It is ino- 
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dorous, tasteless, fuses between 194 and 197" (90 and 92* cent.). 
May be distilled, or dissolved isb concentrated sulphuric acid 
without change. The aqu^us solution of potash has np ctFect 
upon it, but the alcoholic solution converts it into benziUc acid 
(Laurent). . ^ 

BemUic acid, HO + CjgHjjOj ; ma/be separated from benzi- 
late of potash by an excess of hydroefiloric acid. The acid 
crystallises on cooling, in colo(if]fess rhombohedrons, ofjiigh 
lustre, or in long prismatic ngpdles. It fuses at 248", and is 
decomposed at a higher temperature, giving a sublimate of ben- 
zoic acid, accompanied by violet vapours, and a residufe bf 
carbon. It forms a lively crimson solution in cold oil of vitriol. 
Benzilic acid contains the elements of 2 atoms of benzile and 
2 atoms of water, on^ of which remains basic to the acid, and is 
replaced in the benzilatcvs by a metaljic oxitle. Ibmzilate of 
potash forms large limpid crystals, soluble in water and alco- 
hol. (Liebig). 

Azobenzoide^ C 42 Hig 3 .N 2 ^ ; a white' pulverulent substance, 
described by Laurent, but of which tlie composition is rather 
doubtful. 

Cyanobenzile^ a substance which is deposited in J:ransparent, 
voluminous crystals, when to an alcoholii solution# of benzile, 
one third of its bulk of very concentrated hydrocyanic acid is 
added, and the whole gently heated. (Von Zinin). 

SYNAPII^SE. 

The white of both sweet and bitter almonds consists, in a 
great measure, of a peculiar matter, very soluble in water, which 
was named sj’^iaptase 'by M. Robiquet. ‘To ^propai’c it, he 
directed sweet almonds, from which all ^e fat o\l 1ms been 
expressed, to be mixed intimately with tv^ice their weighf of 
water, allowed to macerate thus Vor two hours, and the^ to be 
submitted to pressure, whidh iS uniformly increased. The fil- 
tered liquid contains vegetable ^albumen, which is thrown do^f n 
by acetic acid, and* giyn, which is precipitated by acetate of 
lead. A liquid remains^ which contains jsome free acetic acid, 
acetate of lead, sugar add^ synaptase ; tlie lead is thrgwn down 
by sidphuretfed hydrogen, and the synapias^ by alcohol, while 
the free acid and sugar remaiif in ^olutidn. The precipitated 
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synaptase is washed with alcohol, aod dried in vacuo over sul- 
phuric acid. mf- 

Dry, synaptase is described as^ yellowish white, opaque, 
horny mass, hard and friable ; very soluble in cold water. In a 
fresh solution, iodine produces a deep rose colour, without any 
precipitate. The solutio^ of synaptase does not keep, but soon 
becomes turbid from ‘the formation of a white precipitate, and 
acquires a mouldy odour. Ibyis precipitated from solution by 
alcohol, in flocks, which redi^solve in an excess of water, 
^cids do not produce 4 precipitate in its solution; at 140“ it 
chagulates like albumen. It contains azote, and produces am- 
monia and a new acid in boiling solutions of the alkalies. The 
composition of synaptase has not been determined. 

A matter which, if a puie substance, *is probably the same 
was 'obtained b{' Lielpg and Woehler, and named emuMn, 
by treating an emulsion of sweet almonds with ether, to take up 
all the,fajt oil, and' then .jirecipitating the transparent, syrupy 
liquid which remained, by alcohol, a white matter was abun- 
dantly thrown down, which formed, when dry, a horny, semi- 
transparent mass. This substance gives much ammonia when 
boiled with, a solution ^of barytes or a caustic alkali. There are 
no means pf determihing the atomic composition of emulsin, 
but the following are the results of two analyses of it by Dr. 
R4D. Thomson and Mr. Richardson ; 

Carbon . . . ' 49U>25 48.555 

Hydrogen. ' 7*788 7*677 

Oxygen . . . 24.277 25.026 

Nitrogpn ... IH.OIQ" 18.742 

100.000 ' 100.000 

^fhe reaction which occurs when synaptase and the amygdalin 
of bitter almonds meet each other. in solution is very remarkable, 
and a knowledge of it necessary' to 'enable ug to form a conception 
df the phenomena of the distillation of the bitter almond. 1 shall 
state here 'the latest view of it which jhas<^been taken by M. 
Liebig. On mixing a tolution of 10 parts of amygdalin in 100 
parts of.watey, with solution of ol'- part of synaptase in 10 
part's of water, ,a particular decomposition immediately takes 
plac^.; the mixture becomes opalescent without losing its 
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transparency ; acquires the odour of bitter almonds, and gives 
on distillation hydrocyanic jiQid 1»nd hydruret of benzoyl with 
the vapour oC water. ^ The residue is rendered turbid by^coagu- 
lated synaptase, and on continuing the ev^iporation, a very 
sweet liquid is obtained, which contains crystallizable sugar. 
After destroidng the sugar by fermentation, a fixed acid remains 
in the residue. The quantity of ^sugaf obtained is inofe con- 
siderable than what the elements of. the amygdalin could»^ro- 
duce ; it would appear, therefore, that the elements of the 
synaptase contribute to its formation. The decomposition ii; 
not complete unless the amygdalin and synaptase are dissolved 
in a proper quantity of water ; if it is insufficient to dissolve the 
hydruret of benzoyl liberated, a corresponding quantity of amyg- 
dalin remains undecomposed. (TraiM, p, 276). 

The constituents of the ••bitter almond^are th'fe fixed oil, wliich 
is separated by expression, and the synajltase and amygdalin, 
the two last in such a condition that* tjiey cannot re-act upon 
each other. When the almond cake is treated with boiling 
alcohol, the amygdalin is dissolved out, and the synaptase coa- 
gulated. When the cake is moistened with water, the odour of 
hydrocyanic acid, and of the essence are ’#nmediatelj% perceived, 
but the cake must be diffused through a certain “^juantity of 
water, in order that the mutual action of the synaptase and 
amygdalin may be complete, and that the whole of the last rfiay 
disappear. In preparing the distilled water of hitter almonds 
of pharmacy, M. Liebig recoinme^ids that a mixture of 1 paft of 
the cake and 20 parts of lukc-warm water* be made, and left to 
itself for twenty-four Irours before submitting it to distil- 
lation. * 

One atom of amygdalin cohtains the elements Sf (Liebig) : 

1 equiv. of hydrocyanic aqd . Cg H N 

2 equiv. of hydruret of benzoyl . H j 2 04^ 

1 equiv. of su'gar Cg H5 O5 

2 equiv. of formic acid ^ . . . C4 II2 j Og 

7 equiv. of watei* II7 ^^7 



I equiv, of amygdalin .... C^o ^ ^42 > 

One hundred parts pf amygdalin are said to yield 47 paKs of 

• . 2 i; L 
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the crude essence of bitter almonds, and these 47 parts to con- 
tain 5.9 parts of free h3’dro(j^ani5^acid. The last acid is not 
indicated by nitrate of silver added to a ^olution of the crude 
essence in water, ^owing to the presence of the oil 5 to obtain a 
precipitate of cyanide of^silver, ammoma-nitrate of silver must 
be used, and the amnjonia saturated with nitric acid, after the 
lapse (S' some time. 

Au,nrel-water is preparpdf by distilling with water ,2 parts 
of fresh leaves of the grunus laufocerasus, of which the three 
frst portions are received; fhe product contains the same 
elements as the water of bitter almonds. The leaves contain 
amygdalin and another substance, which appears to act upon it 
when distilled with water, in a manner analogocus to synap- 
tase., 


CHAPTER V. 

i 

ESSENCE OF CINNAxMON AND BODIES DERIVED FROM IT. 

CINNAMYL SERIES OF COMPOUKDS. 

Qinnamyl, C,8Hj02=Ci ; Ihe hypothetical radical of the es- 
sence of cinnamon and of cinnamic acid. 

Essence or oil of cinnamon, — Accor(ling to the recent deter- 
minations of M. Mulder, CjoHjjO is the formula for oil of 
cinDam(2n deijved'from the cinnanibn of Ceylon, of Java and 
China,’ and of the flowers or bark df the cassia-tree. This 
essence absorbs oxygen from the air, and. forms cinnamic acid, 
two ^fiierent resins and a neW oil CjgHgOj, whicfli appears to be 
the substance examined, and considered i^s oil of cinnamon by 
MM. Dumas and Peligot. The two resins have the compo- 
sition CjoE^sO* and Cj^HioO,.'^ , . 

- This oil is obtained by distilling wjjth water the bark of the 
Laurus ^nnammeufk^ w the flowerstaad bark of the It 


* Jbarnuldl Pbarnutci^ tr26, p.64S. 
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is ydilaw^ becoming brown in .air, with the odour of cinnamon, 
and a sweet and burning taste, its density J. 008 at 7 y'*, boiling 
point 428^ ; it becomes solnl^at 23®. It is slightly soluble in 
water, and the solulion produces with iodine .and iodide of 
potassium, reddish brown crystals, of a metaflic lustre, contuin- 
ing, according to Dr. Apjohn, (Cill, 1). The oil 

dissolves completely in potash, and ^rds on distilluftion an 
oil, lighter than water while the residue coiiUihis 

cinnamate of potash, and a Waqlc ipatter (Mulder). The bleach- 
ing chlorides convert essence of cinnamon into benzoic acid. ^ 

Cinnamic acid, HO + CiqH 703 = 110 -fCiO. This aciU "Ts 
formed by the oxidation of the essence of cinnamon in air, or by 
dissolving the oil of the l>alsam of Peru in jin alcoholic solution 
of potash, evaporating to dryness, dissolving the residue of 
cinnamate of potash in bculing water, ajid liberating the (?inna- 
mic acid by an excess of hydrochloric aciA The cinnamic acid 
crystallizes on cooling in tufts of crj^stals, wliich are colpurless, 
and have an aromatic and very acrid taste. The crystals fuse 
at 264®.2 (129® centig.) enter into ebullition at 554®, and distil 
over as a heavy oil, which fixes oh cooling ; they sublime at a 
lower temperature. Cinnamic acid is le^ soluble, Ijpth in cold 
and hot water, than benzoic acid, which It consideniibly resem- 
bles; very soluble in alcohol and ether; from alcohol it crystal- 
lizes in large rhomboidal prisms, wdiich»are hard and very 
friable. It may be distinguishejj from benzoic acid by nitric 
acid, wdiich converts it into h;^druret of benzoyl and mtro- 
. cinnamic acid ; cinnamic acid also does* nbt combine with sul- 
phuric acid as benzoic add does. The salts of cinnamic acid 
are monobasic, .and have^, great analogy to the benzoates. (Du- 
mas and Peligof, MuldeT). • 

Nitro-einnamic acid, IlO-j^CigHgOa, ; produced by Jhe 
abstraction of HO from the elements of cinnamic aciJ and nitric 
acid. This acid is prepared by adding cilmamic acid in powder 
to strong nitric acid, preverfting the temperature from rising 
above 140®. The cinnamic acid is at first disjiolved; the 
mixture soon becoftiest hot, and a crystalline substance sepa- 
'‘rates; the latter is wai^hed with wiftej*,, dissolved and crys- 
talliissed from alcohol. NiA’ocinnamic acid is white witli a s^hade 
of yellow, fuses at 518®; heated above that temperature, it 
boils and is decomposed. This illcid almost insoluble In 
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boiling water; it is also but sparingly soluble in alcohol, 
requiring 327 parts of alcohofr'to dissolve it at 68®, while cinna- 
mic acid is soluble in 4.2 parts, benzoic acid in 1.06, and 
nitrobenzoic acjd in somewhat less than its own weight. 

. The alkaline nhrocinnamates dissolve easily in water; the 
other salts are either solu'hle with difficulty or entirely insoluble; 
they ei'plode when hekt^d. The ether of this acid is formed 
by beating the latter with ^ 20 parts of alcohol and a little sul- 
phuric acid for several hour§, ^t ‘a temperature not exceeding 
^76®. The acid is dissolved, aifd the liquid on cooling deposits 
the nitrocinnamate of oxide of ethyl in prismatic crystals. This 
ether melts at 276".8 (136® centig,), and boils at 572® but is 
then partly decompgsed ; it is not decomposed by ammonia. 

When mpre than 1 part of cinnamic acid is added to 8 parts 
of nitric acid, the temperature risec above 140®, and nitro* 
benzoic acid is fornjed, with another acid not yet examined. 
(Mitscherlich.) 

Hj/druret of cinnamyl^ CigIl802==HCi ; an oily liquid ob- 
tained on adding water to the nitrate of hydruret of cinnamyl ; 
discovered by Dumas and Peligot. 

Nitrate vf hydrare^. of cinnamyl^ Ci8Tl802 + H0,N05 ; a 
compound ^formed on treating the essence of cinnamon of China, 
with concentrated and colourless nitric acid. The crystals first 
obtained arc purified by pressure in paper, and afterwards 
crystallized from alcohol; it, forms long oblique rhomboidal 
prisfns, perfectly pure and qolourless. This compound soon 
alters by keeping, cfisingaging nitrous acid and the hydruret of 
benzoyl ; this decomposition is hastened by beating the com- 
pound slightly. ' 

Chlor^cinnote, CJ8H4CI4O2. — ^This name is given by Dumas 
and Peligot to a chlorinated product of the essence of cinnamon. 
It is a volatile solid compound, crystalline and colourless at the 
usual 4emperaturp, wKich entersriuto fusion at a moderate heat 
and sublimes without residue. * If is neither altered by concen- 
trated sulphuric acid nor by gaseous ammonia. 

Oil of iM balsam of Peru^ — ^I'his oil *is obtained by treating 
2 volumes of the bals^iri with 3 volumes of a solution of caustic 
potash of density 1.3*, and floats *oVer a dark watery fluid 
(Stoltz and Wemher). It is purified by distillation. This oil 

termed oimameine by M. t*remy. When boiled with an 
alkali it, is transformed i^nto cinn&mic acid, and an indiflerent 
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substance to which Fremyhas applied the name peruvine. This 
last is an oily colourless liquid ligffter than water ; its composi- 
tion is expressed by^ 0^11, Fremy finds the bakam of 
Tolu to contain the same bodies as the baIspm>of Peru. Ac- 
cording to Richter the* balsam of Pepu contains two different 
oils, one of which is soluble in alcohol of 75 per cent and is 
called by him myriospermine, the .other’ ou which is insoluble he 
names myroxiline. On treating the first with an alcoholic^solu- 
tion of potash, an acid is formed di^erent in its capacity of 
saturation, according to Richter* from cinnamic acid, and whi^ 
he names myriospermic acid. Its atomic weight deduced from 
the salt of silver is 1553.85. • 


CHAPTER’*yi. 

SAUCIN AND BODIES OBTAINED FROM ITS DECOMPOSITION. 

SECTION L 
SAUCIN. 

Formula: + (Mulder). 

This neutral crystallizable sjibstance was discovered by 
Buchner and Leroux in the bark of the Saliw helix. It is con- 
tained in the bark and leaves of all the species of willow which 
have a bitter taste, and ^n some poplars. ^Tb prepare salicin 
the fresh bark *or dry grouitd bark is boiled with wjiter fill a 
strong decoction is made 3 to the concentrated and boiling dejpc- 
tion oxide of lead is gradually ad^ed till the liquid is colourless. 
Gum, tannin and all extractivef matters wfiicli vnay interfepe with 
the crystallization of the saficin are thus carried down by the 
oxide of lead. The oxide of le^ dissolved is then removed first 
by means of sulphuricf acid, and then by sulphured: of barium. 
The liquid is crystallized * by evaporatifln, and the salicin made 
perfectly white by the use* of charcoal and repeated crystalliza- 
tions. The sulphuret of lead which is precipitated in the 
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process also assists as a decolorising agent. The barks which 
contain much salicin yield it^t onc^ in ci 7 «tals, when they are 
exhausted by cold water and the extract ^evaporated with cau- 
tion, according tc^Merck. 

’ Salicin crystallizes in,^delicate coloufless needles of a silky 
lustre, M^hich have a fitter taste, and no action on vegetable 
colours^. It is persistent in gir, loses nothing at 212®, fuses at 
248*i *and is decomposed by a^liigher temperature. Salicin is 
soluble in 5 or 6 times ,its weight of cold water, in much Jess 
lipiling water, is very soluble in alcohol, but insoluble in ether 
and oil of turpentine. It dissolves purple red in concentrated 
sulphuric acid, a property by which it may be recognised even 
in the dry bark, tlio latter being stained red by sulphuric acid 
when it contains salicin. 

Salicin does not combine with acidi^i nor possess alkaline pro- 
perties. It is throwr dowp by the ammoniacal acetate of lead 
as a white precipitate, in' which according to Piria 6 atoms of 
water belonging to salicin are replaced by 6 atoms of oxide of 
lead ; but according to Ettling, the quantity of oxide of lead is 
not constant but increases with the washings to which the 
precipitate h submitted. 

SaliretiH^ Cg^jH^gO^ + HO. — When raised to the boiling point 
with dilute sulphuric or hydrochloric acid, the solution of salicin 
soon becomes turbiid, and allows a yellowish substance to fall 
having the coftsistence of a resin, which is saliretin. When 
prepared with concentrated acids, the product wants the atom 
of water represented in the formula, or is anhydrous. In this 
decomposition 1 atom of hydrated salicin is resolved into 1 atom 
of saUretin and 1 atom of grape sugi r^^ which last is found in 
solutioi).* 

Saliretin*is insoluble in water, and precipitated by that liquid 
from its solution in alcohol, in<^ther or concentrated acetic add, 
in all 6f which it is very soluble. * Jt is not soluble ifi a:mmonia, 
blit is dissolved by the fixed alkalies and precipitated from them 
by adds. 8aliretin is coloured iJ)lood-red by concentrated sul- 
phuric acid j by nitric add i^is converted into carba 2 sotic acid. 
(Piria). ^ ^ , 

Chorinhted mlidn^ cAfomaSdn. — ^Two compounds have been 
obtained by treating a solution of kalicin by chlorine, one a 
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crystdiline yellow powder, produced at the ordi- 

nary temperature; ♦the ot^er foftned about 140", a red oily 
liquid, C«H,3C1,0,3, 

RutUin . — ^^rhis name is applied by Braconnot>to the product 
of the decomposition bf salicin by ^ulphunc acid. Alkalios 
change it? tint to a deep purple. 


SECTION fl. 


SAUCYL SERIES OF COMPOUNDS. 

the hypothetical .radical of salicylous 
acid, salicylic acid and some otheV compounds : eguivalent to 
benzoyl plus 2 atoms of oxygen.* 

Salicj/lous acid^ spirdilhydric acid, H 4* fii,^H 504 ==II,Sa. This 
substance was obtained by M. Find J)y distilling salioin with 
dilute sulphuric acid and bichromate of potash, and has been 
shewn by Dumas and by Ettling to be the principal constituent 
of the oil obtained by Pagenstecher by distilling the flowers of the ^ 
Queen of the meadow [spirtea ulmaria)^ ai^d which A4, Loewig had 
analysed and described under the name of spiroilhytiric acid. 

The proportions lately recommended by Dr. Ettling for 
preparing salicylous acid from salicin are : • 

3 parts of salicin# . 

3 parts of bichromate of potash 

4i parts (tf concentrated sulphuric acid 

86 parts ot water. 

• • • 

• The name salicyl was applied by Dumas and J^iria to this hypotl#5tical 
radical, which was viewed as a higher decree of oxidation of benzoyl. The oil of 
spirasa uiuiariai or salicylous acid, is represented aS the hydrurct ol thi^ radical, 
wbich^also exists in combination with pdtassium, &c., in tile salicylites. An objec- 
tion to and source of some confusion attending this view is that it represiints 
SMlicyl as a salt radical or halogen bo^, combining directly witl> metals, and not 
as a basyle, like benaoyl* etliyl, and the other radicals with whic® it is associated. 

JVi. Liebig points to an explj^nHlion of the isoiweris^m of salicylous and benzoic 
acids and their salts, in the circiimstance that while benzoic acid is monobasic, 
salicylous acid may have its equivalent multiplied by 2 or by 3, ami be a.bibasic 
or airibaiic acid. This supposition, ^however is not siq^iorted by. the density 
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The bichromate of potash and saliein are intimately mixed^ 
and after pouring over tliem two thjrds of the water, the whole 
being well agitated in the retort, we add^ all at once the sul- 
phuric acid previ(^usly diluted with the remaining third of the 
water, and agitate again^^ A feeble reaction slowly manifests 
itself, accompanied by a slight disengagement of gas, which 
lasts about half an hour 'or perhaps three quarters of an hour, 
whe««an ounce is employed for each part ordered ; at the same 
time the liquid assumes an emerald tint and becomes warm. As 
s^»on as that reaction has ceased, the retort is placed upon the 
fire and moderately heated. The water vapour carries over the 
salicylous acid, which separates after some time. It is purified 
by washing it with water and rectifying from chloride of calcium. 
Fronj half pound of saliein* Dr. Ettling obtained two ounces 
of the oil.^ 

Salicylous acid ij fin oily inflammable liquid, colourless or 
slightly^ yellow, having q burning taste, and agreeable aromatic 
odour; of density 1.1731, becoming solid at —4" (Loewig); it 
boils at 385^.7 (111G".5 centig.) when prepared from saliein 
(Piria), while the oil from the flow^ers of the Spirma boils at 
359^6 (182i centig.), according to Ettling. The density of its 
vapour is by observation 4276 ; by calculation 4260, or the 
same as that of benzoic acid. It dissolves easily in water, and 
maybe mixed wdth* alcohol and ether in all proportions; its 
solution in water reddens tincture of litmus, and discolours it 
after^ the lapse of some time.€^ It is decomposed by sulphuric 
acid ; also by chlorine, one atom of hydrochloric acid being 
formed and eliminated, and one atom of chlorine substituted for 
the hydrogen, as usual. When Imted with an excess of 
hydrate 6f potifsh, salicyloUs acid is converted into salicylate of 
potgsh, with an escape of hydrogen gas. Potassium also when 
slightly heated in it, gives the /same products. 

Salicylous acid is recognised \ff producing a violet colour with 
sqlts of peroxide of iron, w^hich disappears after some time. In 
the salicylitaSy the atom of hydrogen of the formula of salicylous 
acid is replaced by a metal. The salft of the fixed alkalies 

of salicylous acid in the of vapour, wbioh *is tbe same as that of benzoic 
acid. I. 

* Liebig*8,ADotdeu ; or Annalcsde Cbiiuie, &c.,3mc$drie, t. l,p. 490. 
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and ammonia are described as soluble and possessing an alkaline 
reaction, all the others as insolu*ble ; most of them as yellow 
and containing water^of crystallization. The salts of Imd and 
copper are anhydrous. The neutral salt of sodti contains 2 atoms 
of water which it losei^ at 248% the ^alt oi%arytes contains 2 
atoms of water. . They are all decomposed by strong acids, and 
salicylous acid set at liberty. Dr. -Pttling clescribes an acicfsalt oi 
bisalicylite of potash having the samQ composition as the biben- 
zoate of potash ; also a corresponding salt of soda, both oi 
which form colourless acicular crystals. 

Salicylimide, salhydramide C 42 HjgO^N 2 . This body is pre- 
pared by dissolving salicylous acid in three or four times its 
volume of cold alcohol, and adding a quantity of aqueous solu- 
tion of ammonia, equal to that of l:he salicylous acid employed, 
Yellowish white needles ‘are immediately pfbduccd, and the 
liquid soon becomes a solid mass. ^By a^fntle heat the whole 
is re-dissolved and crystals of salicylimj^le are deposited on cool- 
ing. This body is insoluble in water; it is soluble in 50 parts 
of boiling alcohol, but very slightlj^ soluble in cold alcohol ; its 
solution has a strong alkaline reaction. Solutions of alkalies 
and acids act upon salicylimide, with the#a^id of hea^ as they dc 
upon amides, reviving the ammonia and acid. • 

In the formation of this compound 3 atoms of salicyloun 
acid unite with 2 atoms of ammonia, wliiTe G atoms of watci 
containing all the hydrogen of >he ammonia are abandoned 
2 atoms of nitrogen are thus substituted for 6 atoms of oxygen 
in the formation of salicylimide. It may be represented ai 

3HO + C 42 Hj 5 ^^ or dividing by three: 

no+*c.*H,® 

Salhydramidide of co/>^e^*Qi4H6N02Cu > or H,Ci 4 tt 5 NC 
4*CuO. This rernarkable compound is represented in tb< 
last formula as a salicylou^ acid, in which 3 atoms oi 
oxygen of the sallcyP are replaced by 1 atom of nitrogen 
and this is combined ^ith 1 atom of* t)xid# of copper. Ii 
is obtained in a state of purity on mixing a solhtiori of ^Ihy- 
dramide, the preceding comppund, very dflute and sUghtli 
cooled, with the an^moniacal acetate of copper. Thejliquh 
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immediately assumes an emerald green colour, end soon deposits 
very brilliant plates of the same colour while at the same time 
the liquid becomes colourless. When thjs salt is heated with 
concentrated acid«, it gives a salt of copper and an ammoniacal 
salt, while the hydrated ^alicylous acid i% set at liberty. Potash 
ley does not decompose this salt except imperfectly ; sulphu- 
retted ^hydrogen not more completely, even after one or two 
hoi»o? action. If, however, it has first been made to boil with 
an acid, the decomposition -by« stilphuretted hydrogen is in- 
stantaneous. " 

• t 

Salhydravnidide of iron^ 3 (H,C J4H5NO) 4* Fe203. This com- 
pound, which Dr. Ettling succeeded in forming, is analogous 
in composition to the copper compound. It precipitates in red 
flocks, whiqh gradually acquiVe some lustre, becoming granular. 
Hydrochloric acfd does not alter it in the cold, but when the 
acid is pretty concepi^ated and assisted with heat the compound 
is dissolved and salicyloji^ acid separated. 

Salhydramidide of lead. There appear to be two compounds 
of salhydramide with oxide of lead, but they have not been 
obtained in a state of purity.* 

Melanie ^dd (anhydrous), CJ0H4O5. Salicylite of potash 
exposed in^a humid state to air absorbs oxygen and undergoes 
decomposition, becoming first green and then black. The only 
products are acetatie of potash and an insoluble black powder 
resembling lampblack, which\ Piria terms melanic acid. This 
acid* contains no water of combination ; it is soluble in alcohol 
and ether, and very soluble in alkalies. 

Salicylic acid^ HO-|-Cj4H505==IIO,SaO. This acid is pro- 
duced by heating salicylous acid withcun excess of dry hydrate 
of potash, till Uhe brown mass becomes white, which is attended 
witji the escape of hydrogen gas. ^ The salicylic acid is liberated 
by adding an excess of hydrqchloric acid, and is purified by 
repeated crystallisations. This^abid crystalUzes both from solu- 
tion and sublimation very much like benz6ic acid. It may be 
Volatilised without decomposition. It is sparingly soluble in 
cold water, very soluble in hot water and*in alcohol. It reddens 
vegetable colours and /decomposes the alkaline carbonates. 
SaliQyMe of siker is an insoluble wfiite precipitate, anhydrous. 
(Piria). ^ 

Chiorosalicylic acid^ chloride of mUcylf , chloride (f sj^roile ; 
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C|4H504,GL This compotind is formed by passing a current 
of dry chlorine through dyr salicfylous acid. It crystallizes in 
yellowish oblique rhoml)oidal tables of a pearly lusijre and 
peculiar aromatic odour. It fuses and suldiines •unaltered. It 
combines directly witft the alkalies, ^/iiid is^ precipitated from 
these Combinations by acids without undergoing the smallest 
change. This acid itself has bcQu compared with the chloro- 
chromic, and these salts viewed as salicylates of metallic 
chlorides. • • • ^ 

Chlorosalicylimide, chlorosarmde^ C42H16CI3O5N2; is salici^ 
limide in which 3 atoms of hydrogen are replaced by 3 atoms 
of chlorine. It is a yellow mass insoluble in water, formed by 
directing a current of amnioniacal gas upoi> chlorosalicylic acid, 
so long as water is disengaged. * 

Corresponding bromosalicylic and wdosalitylic acids exist, 
which undergo the same transformations \fith ammonia. 

Nitrosalicylic acidy spirdilic acid (Llxjvig) ; Ci4H50qN, Fum- 
ing nitric acid has a violent action upon salicylous acid, nitrous 
fumes are abundantly evolved, with the formation of a dark 
yellow mass, which volatilises when distilled with water ; this 
matter has not been analysed. Whop^ on the gother hand, 
nitric acid of ordinary strength is digested upon salfcylous acid, 
peroxide of nitrogen is evolved, and a crystalline mass remains, 
which may be purified by washing it with* water and then dis- 
solving it in alcohol. Nitrosalicylic acid crystallizes in small 
yellow prisms, the alcoholic soWtion of which dyes the* skin 
and nails yellow ; it forms crystallizable *salts with the alkalies ; 
ammonia produces with* it a deep blood red colour ; with the 
perchloride of "iron it as^mes a cherry red tint. Its salts have 
Rot been sufficiently * examined ; their probal>le fm’iriula is 
MO+C14H4O3, NO 


mAYFER VII. 

PHLORIDZIN AND THE BODIES DERIVED FROM IT. 

Formula, + GHO, according to Afclder, 
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Erdmanti, Otto> But Cg^HisOpj + GHO, and when dried, 
CggHjgOig+BHO, according*to Stass. 

This, substance which very much resembles salicin, was dis- 
covered by De .Kopninck and Stass in the bark of the root of the 
apple, pear, cherry^ and plum tree. It has been considered as 
crystallized salicin plus 2 atoms of oxygen. It is extracted 
from the bark cut intS small ^pieces, by digestion in alcohol of 
80 par cent, at 176". It,is orystallized by distillation of the 
alcohol, solution and coolings and* purified by means of animal 
cjaarcoal. ‘ 

Pliloridzin crystallizes in colourless silky prisms of a square 
base, of density 1.4298, which are neutral, having a bitter 
astringent taste, are^oluble in 1000 parts of cold water, and in 
all proportions in hot water,* are soluble in alcohol and almost 
insoluble in ethdr. PWoridzin loses 4 atoms of water of crys- 
tallization at 212", fujies at 320®, and is not decomposed below 
392® (200^^ centig,). It pi‘oduces a white precipitate in solution 
of subacetate of lead. It dissolves a large quantity of hydrate 
of lime, and gives by evaporation in vacuo a yellow crystalline 
, mass, of which M. Liebig infers the composition to be 
C42H230ig4t3CaO,3HO, from an analysis by Stass. Phloridzin 
is a febrifuge like salicin. 

PhloretiUy CgoHisOjo. When a solution of phloridzin is 
boiled with a little ‘of any acid whatever, except nitric and 
chromic acids, it is converted into grape sugar, and the present 
comjJound, which separates from the solution as a crystalline 
powder. Phloridzin thus undergoes a similar change with 
salicin, by the action of acids. • 

Nitrophloretic add^ phloretic acirf 4^tass), C3j)Hi20i5N ^ an 
uncrystaliizablePmatter of h puce colour, obtainea by the action 
of pitric acid on phloridzin. It is soluble in alkaline solutions, 
and precipitated again by acids/* 

Phlarizeiny C42H29O26N2; ajfed substance soluble in am- 
mpnia, which is obtained by the joint action of air and am- 
monia on humid phloridzin. Th^ addition of 8 atoms of oxygen 
and 2 atoms of ammonia to the elemeitts of anhydrous phlo- 
ridzin, gives exactly the ^composition of phlorizein. This com- 
pound also unites with I atom of ammonia, when dissolved in 
its solution and ePeapprated in v^cuo with sticks of potash, and 
forms* a purple blue powder, of a coppery lustre, very soluble 
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in cold water, of which the solution has a magnificent blue 
colour (Stass, An. dc Chim. Ixix. S< 57 ). 


CHAPTER Villa 

G^VCE^IN.* 

» • 

* • 

Glyceryl^ CgH^^Gl; a hypothetical radical admitted. Ijy 
Liebig to exist in the substance long known as glycerin, which 
is found combined with varicfus acids in the fat oils. Glycerin 
is considered as a compound of glyceryl with 5 atoms of 
oxygen and 1 atom of water, or the h;^dratei oxifje of 
glyceryl. * • 

Hydrate of oxide of glyceryl^ ^ qlycm'm ; €^11705 + HO. 
Tins substance was first observed by S-gheele, and distinguished 
by him as the sweet principle of oils^ its function in the constitu- 
tion of oils and fats was developecj by Chevreul, and its compo- 
sition carefully determined by Pelouze*. It forms a base to tlie , 
oleic, stearic, and margaric acids of the oils and tallow, and 
is separated when those acids are made to combfhe with an 
alkali or any metallic oxide, in the saponification of the oils. 
It is conveniently prepared in saponifying oil of olives with 
oxide of lead and a little water,/by boiling them together; the 
liberated glycerin dissolves in the water^ while the soap of 
oxide of lead is insoluble. The glycerin is accompanied by a 
small quantity of oxide ^ lead in solution, which may be pre- 
cipitated by sjilphuretj:ed* hydrogen. Or yhen an oil is con- 
verted into a soap by boiling it with Avater ^iid an^excess of 
alkali, the soap comes to the surface being insoluble^ in# the 
alkaline liquor. The latter, w^ich contains the glycerine in 
solution, may be drawn off, .tlia free alkali be neutralised \nth 
sulphuric acid, and* the solution evaporated to a syrup, fn^m 
whieH strong alco^lol dissolves out the glycerin. If the 
product is coloured it may be purified by means of animal 
charcoal, evaporated by/a^water-bath, afterwards in vacuo 
over sulphuric acid. 

* Ann. de Chim. et de Phjs. t. 63.*p« 19. 
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Glycerin is thus obtained as a S 3 rrup, colourless or slightly 
yellow and uncrystallizable, ihodorous^ very distinctly sweet, 
of density 1.252 to 1 .27, attracting moisture from the air, and 
miscible in all proportions with water and klcohol, but insoluble 
in ether. It rises' in small quantity with the vapour of water, 
but cannot be distilled ^thout partial decomposition. When 
heated •in air glycerin^bUrns with a luminous flame. It pos- 
sesseai an extraordinary solvenjt power, scarcely inferior to that 
of water itself. It dissolves the^dejiquescent salts, and many other 
sJ^lts which are not deliquescent, as sulphates of potash, soda 
and copper, nitrates of silver and potash, the alkaline chlorides, 
hydrates of potash and soda, and ,the vegetable acids. Nitric 
acid converts it slo\^ly into oxalic acid ; peroxide of manganese 
with sulphuric acid into foimic and carbonic acids. Its so- 
lution in water does nojt undergo any change by keeping, and 
is not fermentable by yeast. Glycerin is decomposed when 
boiled ^ith a solution of sulphate of copper, and metallic copper 
precipitated. It is not precipitated by subacetate of lead, but 
is itself when hot capable of dissolving oxide of lead. With 
potash it forms a compound soluble in alcohol; it combines also 
with baryte^. ^ 

It is acted upon by chlorine and bromine ; the latter forms, 
with hydrobromic acid, a heavy oily ethereal liquid, CjjH, 161*3 
OjQ, soluble in alcolrol and ether* With chlorine, the product is 
a white solid flocculent substaijfce, CigHuClgOiQ. 

Aoid sulphate of oxide of^ glyceryl, sulphoglyceric acid ; 
HO. C 6 Hy 05 + S 20 g’. • When glycerin is mixed with twice its 
weight of concentrated sulphuric acid, comhiriation takes place 
with the evolution of much heat, without icharriirg. The 
hquid when dihited'and neutralised'‘with' car 1 }ona^ of lime gives 
a precip'itate of sulphate of lime, w'hich is separated by filtration, 
while Sulphoglycerate of Um& remains in solution. The acid 
may be isolated by cadtiously precipitating the lime by means of 
oxalic acid. But it cannot be' pl-eserved,* for it is gradually 
decomposed,and converted into hydrate of oxide of glyceryl and 
sulphuric add; the change takes place still more rapidly when 
the liquor is slightly Jjeated. Even w;hen newly prepared, this 
acid liquid precipitates lime and barytes from their salts. 

Sulphatje of oxide of glyceryl and lime, CaO.CgHyOs + SjOg, 
(Pelovjie.) It is de|^ited* from its sdution evaporated to tlie 
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consistence of a syrup in prismatic needles or colourless plates, 
which are insoluble in alcohol anfl* ether. The salt of lead lias 
a composition analogous to diat of lime. The solutions gf both 
of these salts are debomposed by ebullition, /in^ resolved into 
insoluble sulphates and hydrated oxide of gly(ileryl. 

M. Liebig makes the remark that o^ide of glyceryl proba 1 )ly 
exists in nature combined with other acldi besides those •of the 
fats. Thus a benzoate of oxide glyceryl would posses .the 
same composition as picrotexijti ;.manmte even might be an 
oxide of glyceryl. (Trait^ I. ^02?) 


CHAPTER VIII. 

ETHAL, AND THE CETYL SERfliiS OF COMPOUNDS. , 

Spermaceti differs from the other natural fats in affording a 
peculiar substance, first observed by Chevreul, instead of 
glycerin, when saponified by an alkali# ^ This substance was 
named ethal* by MM. Dumas and Peligot, who coiftider it the 
alcohol of a new series of compounds, of which the radical is 
cetyl ; or ethal is the hydrate of oxide of cdtyl. 

Formula of cetyl C32H33=Ct. $ Has not been isolated. 

Hydrate of oxide of cetyl^ C32H33O + HO. * To liberate 

ethal from spermaceti, the latter is digested with an equal 
weight of hydrate of potash dissolved in 2 parts of water, at a 
temperature not exceeding 200® for several *days. The soap 
thus formed wliich consists*of oleate* and mar^rate (tf potash 
with ethal, is then decomposed by dilute swlphuric acid, which 
gives a fatty mass, composed of; the oil^ acids and ethal in a 
state of mixture and not of coTnJnnation ; it is washed well with 
boiling water, and then boiled with barytes water in excejs, 
which forms insoluble soaps with the oleic and margaric acids ;• 
and' ethal is dissolved*out by means of cold alcohol, which is 
afterwards distilled off.^* The ethal is# dissolved in ether, to 
separate a trace of adhering barytic salts. 

• A word formddof tlie first syllAle« of ether atcuhol. 
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Ethal is deposited from an alcoholic solution in cry$tamne 
plates; it fuses above 118% ahd solidifies at that temperature, 
forming a white crystalline mass. 'It is volatile, and may be 
distilled without^ decomposition. It irf insoluble in water, 
soluble in alcohol i:nd ether, neutral andi^does not combine with 
acids or alkalies. It is de*bomposed by nitric acid, and combines 
with sulphuric acid. ^ 

CJilpride of cetyl \ C32H,3,Cl=CtCl. — ^An oily liquid, formed 
by the action of perchloride of pJioDphorus on ethal. 

^Acid sulphate of oxidk of cetyl \ HO.CtO,S206, — ^This com- 
p6uhd is formed when ethal is heated with strong sulphuric 
acid. It forms double salts when pcutralised with bases. Sul- 
phate of oxide of cetyl and potash^ K0.Ct0,S20(j, is prepared 
by adding an alcoholic solution of hydrate of potash to the 
preceding compound, i^ulphate of potash precipitates, and the 
salt in question remains dissolved in the alcohol, from which 
it is deposited in white pearly scales. (Dumas and Peligot, 
Annales de Chiniie, &c.,^ Ixii, 5,) 

Ethalic acid^ HO + 032113,03. This compound, the acetic 
acid of the cetyl series, was formed by M. Dumas, by mixing 
1 part of et\|.al with 5 pr 6 parts of the mixture of hydrate of 
potash ancL quicklime, and heating to 410® or 428® (2-10® or 
220® centig.), for five or six hours. Hydrogen gas is evolved, 
and the etlialate of potash formed. The last is decomposed by 
hydrochloric acid, and the eth^lic acid, which separates in flocks, 
purified by boiling it with thq acid liquid, and repeatedly with 
water, converting it 'iifco ethalate of barytes, and treating the 
last with boiling alcohol, to dissolve out undecomposed ethal. 
The ethalate of ^larytes is then de<j^mposed by hydrochloric 
acid," and the lUbefated othalic acid pHirified by solution in 
ether. . 

]£th&lic acid is solid, white,, inodorous, tasteless, lighter than 
water.. Fused by heat, it soliclifies at 101% and then presents 
itself in the form of small brilliant 'needles, ' in groups radiating 
from a centre. It is insoluble in water, but is dissolved largely 
by alcohol £fiid ether. When heated in^ a Kttle capsule, it boils 
like ethal, and is volAtdisJ^d without leaving any residue. 

All the ithalates Bre insoluble iiV water or alcohol, except 
those of potash, H soda, and ammonia. The insoluble ethalates 
ale prepared by precipitafuig the meliiic salts dissolved in 
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alcohol, by an alcoholic solution of etlialate of potash or soda. 
The ethalates of the alkalies are decomposed by a large quan- 
tity of water, although they dissolve in a small quantity without 
change. (Dumas and Stas, An. de Chim. Ixxiii, 121). 

CetenCy C 32 TI 32 - Tliis hydrocarbon^ was Obtained l)y MM. 
Dumas and Peligot, by distilling ethal repeatedly with glacial 
phosphoric acid, which deprives the forirfer of 2 atoms of water. 
It is an oily, colourless liquid, l>^ilii^ at 527‘' ; the density of 
its vapour is, by experiment, 8007 ; by calculation, supposing 
its combining measure 4 voluihes, 7^43. It is insoluble i^i 
water, solul)le in alcohol and ether. 


chapter VU. 

OTHER INDIFFERENT SUBSTANCES. 

Class r. Ordinary Constituents op Plants. 

SECTION I. 

PECTIN. 

Formula : HO + CjgHnOn. This name was applied by Bra- 
connot to a principle which fbrms^the basis of vegetable jelly.* 
It is extensively diffused in the juices of fruits and roots, 
especially at the time o£ their maturity, and occasions these 
juices to coagulate, wher# mixed with alcohol or boiled with 
sugar. It may be prepared from applets, for iTista^jce, bji heating 
the juice with a little albumen*till the latter poagulateg, filtering, 
and precipitating the pectin by a considerable addition of dcofiol 
to the liquid. By a second sojutfon in water, and precipitation 
by alcohol, the peetjn is completely purified. When only a 
small quantity of alcohol is added to the watery solution, the 
juice fixes as a jelly aftei; an interval of one or two d.tys. 

After^ beiiig washed on a filter and •dried, pectin is semi- 
transparent^ and has a cortsiderable resemblance to .isinglass. ^ It 


♦ From WIIKTU:, coagnlum. 
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is insoluble in alcohol, soluble in water, the solution is neutral 
to test paper, insipid or tastcfess ; it is not adhesive like gum 
arabic. ® The dried pectin swells up in water, and more readily 
in cold than in »hot water ; with one hundred times its weight of 
water it forms a j^dly, \v^th a larger quantity only a gelatinous 
liquid. It resembles vegetable mucilage in many of its pro- 
perties; with nitric acfd 'it first forms saccharic acid, afterwards 
mucicracich It is dissolved, by pn excess of alkali, and converted 
into the following isomeric acid. # * 

r Peciic acid. This sul)stancti is conveniently obtained by 
grating yellow carrots to a pul{>, expressing the juice, washing 
the marc several times successively with distilled or rain-water, 
and expressing it well again. The marc is then diffused through 
six tpnes ifs weight of pureVater, free from earthy salts, and 
solution of pure "caustic potash grad<ially added hy small por- 
tions. The mixture ‘is then heated and made to boil for al)out 
a quarter of an hour, anff the !)oiIing liquor filtered through 
a cloth. The mixture is known to have boiled long enough, 
when a small portion of it, after being filtered, is found to 
become a jelly on adding to it a drop or two of acid. 

The pect^c acid ma,y be separated by a strong acid, but 
as it is then difficult to wash, it is preferable to precipitate it by 
chloritle of calcium, which gives the pectate of lime, in tlie form 
of a coagulated jelly completely insoluble in w^ater. This jelly 
is washed on a cloth, boiled \^ith water, to which a little hydro- 
chloiic acicT is added, which fdissolves the lime and leaves the 
pectic acid ; the Iasi ft then washed with cold water. Pectic 
acid remains as a transparent and colourless jelly, faintly acid, 
very slightly solul)le in cold water, b^i/'more soluble in boiling 
water, ^he filtered solution does •not Become sV)lid on cooling, 
bu^ it coagulates ai?d forms a jelly when alcohol is added to it, 
or su^r, which has the propwty of dissolving pectic acid, and 
transforming it aijter some time teto a jelly, a property on which 
is founded the preparation of the jelly of cuvrants, apples, goose- 
berries, &c. ,• fruits of which the juice mixed with sugar coagulates 
in the couffee of a few days. When evaporated to dryness, 
pectic acid resembles* pefctin in appearance, and has the same 
composttdon. -It is a bibasic acid. * The pectaite possess the 
property.of forming a jelly when precipitated, in common with 
the aeid. Those only con&ining an alb^libe base are soluble in 
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water, and they dissolve only in the latter when pure and free 
from acid or earthy salts. (Berzehus, Traite 11. 367 and 407.) 

By boiling it with an exJjess of caustic alkali, pectic. acid is 
again modified, and cfon verted into another a(vd,,wluch dissolves 
easily, is very fluid and has a sour taste. This second acid is 
also isomeric in its salts udth pectin. 


SEQTlbl^ IL 

VOLATILE OR ESSENTIAL OILS AND RESINS. 

These oils or essences ogcur in all smelling plants, and are 
the source of the fragrance of the vegetable kingdom. Some 
plants, such as thyme, contain a volatile oil in all^tlieir jiarts; 
in others the oil is confined to partijpular parts, such as the 
flower, the pollen, the leaves, the root or the bark. In most 
plants the oil is cimtained in littfe* sacs or vesicles, ^so well 
closed that the plant may be dried wltliout evaporation of the 
oil, and the latter is preserved for years from the influence of 
the air. In other species, and particularly in flowers, the oil is 
constantly produced at the surface, ^nd dissipated by eva- 
poration the moment of its formation, Kssential oils are gene- 
rally obtained by distilling the plant with water. They are 
themselves less volatile than water, but are carried over with the 
steam, owing to the sensible tension of their vapour at 212% and 
condensing in tlie refrigeratory aje found on the sifrface of the 
distilled water or at the bottom of the*vdssel. A few oils are 
obtained by expression, such as those of the oranges and lemons, 
where the oil resides in epidermis of the fruit. Some other 
oils which aref not ccfhtained in vessels, 'suefe as Jthose of 
violet^ jasmine, &c. are obtained by maceration of th^ fldwers in 
an inodorous fixed oil, and are used in this state in perftimery, 
or are afterwards obtained apart* by distilling the fixed oil with 
water. 

The essences are generally liquid, but occasionally solid at the 
usual temperature f th^y have all a strong odour, ^nore or less 
agreeable, which is somewhat harsh irnrpediately after distil- 
lation but improves with*ki'eping, although in general the odour 
is never so agreeable as that of the fresh plants TJieir taste is 
acrid and burning, or only aromatic Vhen It is greatly wealtened 

V M M 2 
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by mixing them with other substances. Some of these essences 
are colourless, most of them yellow, red or brawn, others green, 
and a small number are blue. They are not unctuous to the 
touch like the fixed oils, but feel harsh. They produce an oily 
stain upon paper tivhich disappears on ^drying. Their density 
varies from the density of oil of coriander, to 1.096, the 

density' of oil of sassafras; but they are generally lighter than 
watcr^, Although A^^olatile at ^he ordinary temperature, their 
boiling point is usually not under 320". The volatile oils arc 
nearly all decomposed in part u^ien distilled alone. They burn 
in air with a bright but smoky flame. When exposed to cold 
they freeze, but generally separate into a solid and fluid por- 
tion, indicating that they are mixtures of two oils diifering in 
fluidity ; the concrete portiorr is termed the siearojden^ and the 
liquid portion the Hilaopten of the oil.* < 

The essences exposed to air deepen in colour and absorb 
oxygen.^ It has been ohseWed that the odour of oils is closely 
related with this clieniical change. Those which oxidate most 
rapidly have the strongest smell, and the characteristic odour of 
no oil can l)e perceived immediately after its distillation in an 
atmosphere ^f carbonic^ acid gas. The oil becomes in time thick, 
loses its odour, and is transfonried into a resin which in the end 
becomes hard. A small quantity of carbonic acid is formed in 
this transformation, f but no water; it is greatly promoted by 
light. An oil which has conjmenced to undergo this change 
consists of a portion of oil unqjianged, holding a resin in solu- 
tion, from which the former may be separated by distillation 
with water. The substance turpentine^is in this condition, and 
gives oil of turpentine, when distilled,,^'ith common resin as the 
fixed residue. ,JSss<?nces sJiould thtjrefofe be preserved in well- 
stopt buttles. They are strongly acted upon and frequently 
inflamed by concentrated nitric acid. Some of them produce a 
sort of explosion wheit mixed with dry iodine. 

Essential oils are very slightly ’soluble ki water, but suffi- 
ciently so to communicate their odour and taste to that liquid. 
Water which has been distilled from an odoriferous plant is a 
saturated solution of , th^ oil ; the distilled waters used in inc- 

* These terms were jfirst applied to the s(did und fluid portions of fixed oil? ; tlu'y 
ar^ derived (^rom <rr(ap suet and eXo^or oil. 
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dicine are so prepared. These liqjiors are irnproYcd by a second 
distillation, or bykeeping ^or sorfie time in a cool place when 
contained in opaque ^vessels imperfectly closed, during* which 
some foreign matters which have been distilted vdong with the 
oil, disappear, fhe volatile oils are aJJ very soluble in alcohol^ 
and the more so the less water it contains. With alcohol of 
0.820, oil of turpentine may be mixed in a large proportion, and 
such a liquid is sometimes burped# in a lamp properly con- 
structed for the purpose. Tlie^oik wh^ch contain oxygen, such 
as those of lavender and peppermint, dissolve more readily iti 
aqueous alcohol than the pure hydrocarbons. Such solutions of 
essential oils in alcohol are lavender water ^ eau de Cologne^ &c. 
They are rendered turbid by water, which* combines with the 
alcohol and liberates the oil. lissential oils are^ soluljje in 
ether. They are capable ‘of dissolving ^it a hVgh temperature a 
considerable quantity of sulphur and a sJiyill |)ortion of phos- 
phorus ; and may be combined or ni^xed with bisulphuret of 
carbon, chlorides of sulphur, of phosphorus, of carbon and 
arsenic. They combine with several vegetable acids, such as 
acetic, oxalic, succinic acids, the oily acids, camphoric and 
suberic acids. With the exception of oils of cloven, cinnamon 
and cedar wood, the volatile oils do not combine with salifiable 
bases ; they difter entirely in this respect from the fixed oils 
which are saponified by alkalies. Alter* being briiycd with 
sugar the volatile oils dissolve Jietter in water. Yrdatilc oils 
dissolve all the fat oils, resins, anil animal fiits. 

Many volatile oils contain no oxygen, and in all of these, 
with one or two exceptions, the carl:)on and hydrogen are 
CgH^, or .some tnultij^lfe of* these numbers; but the larger pro- 
portion are oxiSes. SeVeraTof the l&tter part ^^th tliftir whole 
oxygen, with a proportional* quantity of hydrogen; as wjter, 
under the action of anhydrous phosphoric acid, and arc con- 
verted into pure oily hydrocarbqns. 

• _ * 

A. ESSENTIAL OILS CONTAINING NO OXYGliN. 

OIL OF TURPENTI^IE. 

• § * 

Formula : C 20 H 16 . It is derived from several kinds of. tur- 
pentine, a semi-fluid resin exuding from tjic efifferent «pccies of 
the pine. The turpentine is^ distilled with water, the oil Comes 
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over, and a resin remains behijid. The oil met with in com- 
merce generally contains some resin, ^ produced by the oxidation 
of the cil, from which it should be purified by rectification, that 
is, a second distillation from water, ’^fbe pure oil is a colour- 
less, thin liquid, hhving peculiar odoufj of which the density 
is 0.872 at 50% and boiling point 3 14®. 2 (I56®.8 centig.) The 
specific heat of this liqfii^ is Q.462, according to Despretz, that 
of water being 1.000. The tensity of its vapour is 5030 by 
experiment, ‘4763 by calculation. ' It abandons only half the 
b?at when condensed from the state of vapour at its boiling 
point, that vapour of water does at 212®; but a portion of that 
heat is heat of temperature, for the latent heat of vapour of oil 
of turpentine is to that of vapour of water only as 0.313 to 
1.000^ When cooled to — 16^.6, oil of turpentine deposits its 
stearopten in whife crystals, which are heavier than water, and 
fuse at 19®.4 (—7® 9ehtjg0 , 

Oil of turpentine is ceHainly a mixture of two or more iso- 
meric oils; this appears in its forming two compounds with 
hydrochloric acid, one of which has long been known as ar/i- 
ficAal camphor. To prepare this compound, well dried hydro- 
chloric acidr gas is made to pass slowly into the essence sur- 
rounded by^ice. Without this precaution, it becomes hot, and 
the hydrochloric acid is not so completely absorbed. It is left 
to itself for twenty-ftur hours, after which, a quantity of a white 
crystalline substance is foun^l deposited in a brown fuming 
mothfer-liquor. The composition of the solid hydrochlorate is 
represented by CaoHig^HCl. The name camph(inehm\g applied 
to the essence by Dumas, ^ this is the hydrochlorate ofeamphene. 
When pure, it is a snow-white substavcejl of a peculiar odour, 
suggestiii^ thatc^of common camphof, but very ditierent in other 
respects; fusible above 212®, and volatile; alcohol of 0.806 
dissolves at 57® one third of itiy weight of it. It is decomposed 
completely when distilled rapidly by means of an oil-bath, with 
two or three times its weight of quicklime,*' chloride of calcium 
being formed, and a colourless oil, of the same composition and 
density as 5il of turpentine, which can be united again witli 
hydrochloric acid, and gives an entirely solid product. This 

* V * 

• Tbe es«'ence of turpentine maj, be allowed, as the base of artificial camphor, 
to retailn this name. 
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oil, however, is not identical witlj the essence, dlfFering from it 
in its optical properties, and is •distinguished as caniphllene 
(Deville). The liquid hydrochlorate is of density l.0l7,*and its 
composition is also ^expressed by CgoIIj^+dlfel. (Soubeiran, 
Capitaine)* ' 

It is difficult to decompose the hydrochloratc of turpentine 
completely by an alkali ; a portion of it distils over and contami- 
nates the oil thus obtained. Peville adds gradually to 
essence of turpentine kept *coid, • a sniall quantity, about a»oth 
of oil of vitriol, so that the whole becomes deep red and viscid 
after strong agitation, allows it to deposit for twenty-four hours, 
and decants the thick liquid from a black deposit. This red 
liquid, when heated, emits some bubbles. of sulphurous acid, 
becomes colourless, and is transformed into a mixture <jf two 
oils, which he names teiiebene (from terelienthine), and colo- 
phene. The former distils over first. 'JSurpbe^ie has the same 
composition and density as camphdnp, but diflers •from the 
latter in its rotatory power on polarised light being equal to 
nothing. By treating terebene by hydrochloric acid, Deville 
obtained a new liquid, suh-hydrochlorate of terebeney of density 
0.902 at 59% with a good deal of the colour of teiwbene itself; 
its composition 2 C 2 (,Hj 6 + HCl. A corresponding h^drobromatc 
of terebene was a colourless liquid, of density 1.021 at 75‘^.2 
(24® centig.) ; its composition 2 C 2 olIi 6 l“ IlBr. The solid 
hydrobromate of camjiheney forme^l by the action of hydrobromic 
acid on the essence is CgoHjg-f lABr. It preserves* in corftnion 
with the solid hydrochlorate, the negative rotatory power of tlie 
essence. The liquid hydrochlorate, prepared from the essence, 
loses that property, and^s, therefore, sup|^iosed not to contain 
campheiie but lerebene* ancf iVAm^Ci^hydrochlomle of^Ureljtne. 
When hydrochlorate of terelJene is distillcKi with an alk?jji, it 
gives an isomeric oil, terebilene^ having the same relation to 
terebene that camphilene has fo^camphene. Twb corres]X)nding 
hydriodates of terelifene have been formed. , 

A very regularly cryvStallized substance has often been found in 
old oil of turpentine, or in oil of turpentine left long in contact 
with dilute nitric acid, which appears*t(^ be formed by the assi- 
milation of the elements oT water. Its composition is 11220 
or represented' as a hydrate of oil ot turpentirie + 

(Dumas and Peligotj. It is fusible aboiit 302" (150“ enti^.), 
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and sublimes. Soluble in 2p0 parts of cold, and in 22 parts 
of boiling water, from which "it crystallizes on cooling. 

By treating terebene by chlorine, M, Deville formed two 
liquid chlorinated compounds, which he names chloroterebene^ 
C20H12CI4; and TAonochlproterebene, Cgo^HuCln. He also formed 
bromoterebeney C2oHj2Br4, Terebene does not form a hydrate 
like tfie essence, liie essepce treated with chlorine gives a 
chlorinated compound, which Deville names chlorocamphene^ 
of the same composition as clilorateVebene, but differing in density 
^nd other properties. 

Colophene is an additional product besides terebene, of the 
action of concentrated sulphuric acid upon the essence. It dis- 
tils over after the terebene, on urging the heat so as to bring the 
viscijl mass^in the retort to a State of strong ebullition, as a viscid 
oil, of a clear yellow ^colour, whiclr re-distilled several times 
alone, and once (if ^contaminated with sulphur) from the alloy 
of potassium and antirnoriy, constitutes colophene. Colophene 
is colourless by transmitted light, but possesses a kind of 
dichroism and may be seen of a deep indigo blue colour, a pro- 
perty which can be recognised in all its compounds. Its density 
is 0.940 atr 48*^, and ^.9394 at It is isomeric with the 

essence of turpentine. Its boiling point is about 590 or 600'*; 
the density of its vapour could not easily be taken with exact- 
ness, but was certaifily not less than twice that of oil of turpen- 
tine. Assuming the density p double, the atom of colophene 
will ^:)e its combining measure 4 volumes. This oil is 

also one of the products of the rapid distillation of colophony 
or the resin of turpentine, and was named colophene on that 
account. 

ColojDhene absorbs hydiochloric *acid, but the hydrochlorate 
is 2^ feeble •combination, and is deprived of its acid by chalk. 
By divining the impure hydrochlorate from barytes, M. Deville 
obtained an ii^n)eric oil, whi^h* he considers the colophikne 
of colophene. It did not appear, however, to possess the 
dichroism of the latter body. Colophene also absorbs chlorine 
with avidit/, without any disengagement: oi* hydrochloric acid, 
and* is converted int(\ a*resin, soluble in alcohol and crystal- 
lizable, having very much the appearance of colophony, and 
which is named Morocolophene,^ C4oH32Cl4* It is in fact colo- 
phony in which 4 atoms oi* oxygen are r^eplaced by 4 atoms of 
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chlorine. Fused by heat, and exyosed again to chlorine chloro- 
colophene absorbs^that gas,^and erilits a large qujtritity of hydro- 
chloric acid, giving a new product, of a transparent •yellow 
colour, which may be represented by G4oH2401^. • 

It thus appears thaf*four isomeric ^^hls eiist related to tiie 
essence of turpentine, of which the connnon formula is 
namely camphene, terebene with camphilfene and terehile*ne, tl\e 
two latter being obtained by siijiilar processes from the two 
former ; also another pair, of whioli the atomic weight is double 
and the formula C40H32, namely colophene and colopliilcnc^ 
and that each of these bodies gives rise to a particular series of 
compounds by uniting with hydrochloric acid, chlorine, &c. 
(De^^lCj An. de Chim. Ixxv, 37 ). 

• 

COLOPHONY, OR RESIN OF TUi;PENTINE. 

Common turpentine aflFords when * ([instilled with wdter from 
5 to 25 per cent of essence, what remains being common resin, 
named colophony, or colophonium, of which the composition 
generally received is C40H32O4 (Rose) ; that is, 2 equivalents of , 
the essence combined with 4 equivalents»of oxygen.® M. Liebig 
is disposed, from more recent analyses, to represent the resin 
^40^^30^45 then in its formation, the essence C40H32 
loses 2 atoms of hydrogen, which are replaced by 4 atoms of 
oxygen. The resin is not, bowjever, a homogeneous product, 
but was divided by M. UnverdoRben into two diflerent rdsins, 
which he named sj/hne and pinic acids. The properties of the 
mixture of these resins \)r colophony are familiar ; it is a yel- 
lowish brown, transluceni^ brittle solid, fusible, readily soluble 
in alcohol, ether, the fixed and volatfie oils ; sofcble iif alkaline 
leys, with which it combines as an acid, anti forms solul)le s^lts, 
which are detergent, and enter lJ|rgely into the composition of 
all brown soaps. The two^ •resins are separated from each 
other by means of (fold alcohol, of 7^ S''* 

which dissolves pinic acid, or alpha-resin as it is also called, 
and leaves behind sylvifc acid, or beta-resin. 

Alpha*resin (pinic acid), is precipif^titjd from the alcoholic 
solution by water ; it is ii<?t crystallizable ; after being fiispd, it 
has quite the appearance of colqphony ; it ,is ibsolublc^ in water, 
hut dissolves easily jn alcohol, ether, and oil of turpentine ; 
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these solutions have an acid redaction. The pinates of potash, 
soda and ammonia dissolve in water, but are precipitated by an 
excess ©f alkali or the addition of any alkaline salt. The pinates of 
other bases arci insoluble in 'Water, and maybe precipitated from 
ajcoholic solutions 'of the, alkaline pinateS by double decompo- 
sition, employing an alcoliolic solution of the other salt ; they 
are mdst frequently irfsdlublepn llcohol, but many dissolve in 
ether.* The composition of pipic acid was found by Rose to be 
C40H32O4, or the same as that of cfolophony (C40H30O4, accord- 
iv>ig to Liebig). Sylvie acid has likewise the same compo- 
sition. 

By distilling or heating pinic acid, a new resin is formed, 
colopholic acid^ of .the same composition, but possessing a 
stronger afl^nity for bases. ‘ 

Beta-resin (syKHc acid). The insoJuble residue treated with 
boiling alcohol, dissolves entirely; it is filtered hot, and crys- 
tallizes.on cooling. It is‘ purified by a second crystallization, 
particularly from alcohol containing a little sulphuric acid. It 
is transparent and colourless, crystallizes in rhomboidal prisms, 
terminated by four facets, which are generally very thin, and so 
large as to iy".semble tahJes. It fuses below 212 ®, is insoluble in 
water, but ©cissolves easily in alcohol, ether, the fixed and vola- 
tile oils. Alcohol of 72 per cent takes up, when boiling, one 
tliird of its weight, <)ut abandons nearly the whole on cooling 
in a crystalline form. It is dissolved by concentrated sulphuric 
acid,* and ptecipitated again b^^ water from that solution, but in 
the condition, according to Unverdorben, of pinic acid. The 
sylvates of potash^ soda and ammonia are soluble in water ; the 
sylvates of other* bases are insoluble. , fax water, » but frequently 
(]iss 6 lvein eth^r anti even* alcohol. * The sylvate' of in 

particular, is soluble in alcohol. ' The addition of ammonia, 
even ifl excess, to the solutionK)f sylvic acid in alcohol does not 
throw. down a precipitate, and the acid precipitated by water 
dissolves readily in ammonia; so *also does the resin in caustic 
potash, but An excess of the latter throws down a subsylvate of 
potashy a cofnpound very slightly soluble id an excess of base. 
The composition of syl^vie acid is €4011.3^,04, or half these num- 
bers, according to Tromsdorfi. * 

These fwo resiles form the large proportion of colophony, but 
a^ third resin has been doserved in it, which is indifferent, 
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soluble in cold alcohol^ but not |[)rccij)itated by the acetate of 
copper. 

The white resin, galipof/Aex\\Q.A from the pinus tnfwitlma, 
consists almost entirely of a colourless, crjstajdizable resin, 
named pimaric acidy of the^^ame dornposition as tlio 

preceding resins, but differing from them in properties. When 
the crystallized resin is dissolved in alcohol, it soon separates 
as an amorphous powder, which p much less solul)le, v4thout 
alteration in composition. W4ievi distilled in vacuo, pimaric 
acid is converted into another reiSn, pynmaric acid. Boiled^ fcf 
a long time with nitric acid, pimaric acid gives rise to a new 
acid, containing nitrogen, asiomaric acidy C 4 (,Hi 90 j 2 N + 4H0, 
of which the capacity of saturation is double that of pimaric 
acid. (Laurent, An. de Chim. lxxii,^83). 

By the dry distillation of colophony,* M. l^*emy obtained a 
heavy light-coloured oil, almost destitute pf taste and smell, 
boiling above 482®, which he named resincin. Its composition 
is expressed by C 20 H 15 O ; and it appears to be formed by the 
abstraction of an atom of water from half an equivalent of 
colophony. By distilling purified resin with eight times its 
weight of slaked lime, the same chemist procurecktwo liquid 
products, resinone CjoH^O, soluble in alcohol, aiic> boiling at 
172®.5; and resineone C 23 II 18 O, less soluble in alcohol, and 
boiling at 298®.5 (Liebig, Annalen, xv, 282).* 

By distilling resin at a higher temperature. MM. Pelletier 
and Walter obtained a liquid, I'^tinaphtha C 7 H 4 ; which gives 
with chlorine a compound C 14 H 6 CI 2 . Al the same time with 
retinaphtha, a less volatile liquid, refmyley Cc^Mc) is formed. 
The less volatile produef# .of the distillation of resin affords a 
liquid rctmolcy ( 59 H 4 , wdfti a solid compound or rnetu- 

naphthaline, which is isomeric with naphthaJine. (Ann. de Cl^m. 
&c. Ixvii, 269). 

Common resin is converted •iqto shoemakei;'s resin, or Bur- 
gundy pitch, by beatinj[j it repeatedly with water, and going to 
dryness. 

Oil of lemonSy This essenc*e*is extracted from the 

rind of the lemon [Citrus medica)y usually by expression. .The 
crude oil is pale yellow, but wljen rectifietj it is colourless, has 
a strong smell of leecions, density* 0.847, and boiling point 
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343".4 (I 73 ® ceiitig.). It haS|absolutely the same composition 
in 100 parts as essence of tiJrpentiije, but only hklf the atomic 
weight.* It forms, with hydrochloric acid both a solid and liquid 
compound, according to Blanchet and Sell. The composition 
of both is expressed by C^,QlIg,HCl. Tlfe camphor and also the 
liquid hydrochlorate of lemon oil are decomposed by means of 
alkalies, and furnish fwo oils, winch possess the same compo- 
sition* as the essence employed. Oil of oranges, from orange- 
peel {Citrus aurantium) (litFers only in smell from oil of lemons, 
pfneroli, or of orange-flower is quite different, and is in great 
part soluble in water. It appears to contain a stearopten, but 
its composition is not exactly known. 

Oil of junipers . — Obtained by the distillation of crushed juni- 
per-berries^ with water. It is colourless, and possesses tlie 
taste and odour of juniper ; is composed of two oils of different 
volatility, both of them containing carbon and hydrogen in the 
same relktion as all tbe* oils o^ this class, namely C 5 H 4 . By 
adding a little of this oil to brandy, gin or Hollands arc 
formed. 

(> . 

Savin’ oil. — Derived from the berries of Juniperus sabina, 
colourless, •^also represented by some multiple of C 5 II 4 . Both 
of these oiRs are used as diuretics. 

Oil of copaiba, Cj^Hg. The balsam of copahu or copaiva is 
extracted in Brazils^and the Antilles from several plants, of the 
genus copdi^era. It is obtained by incision, in the same way as 
common turpentine;^ with which it has a great analogy ; and is a 
clear-yellow, transparent, thick liquid, consisting of a resin and 
volatile oil. 

The oil is colourless, thin, of an • aromatic but disagreeable 
odour,, 6 f deilkity 0.878^ and boiling point 473®. Absolute 
alcohol dissolves twO-fifths of its weight of this oil, but twenty- 
five parts of the spirits of w/Vie of commerce, are required to 
dissolve one part. It forms a * ^rystallizable compound with 
hydrochloric acid; it is isomeric with oil of lemons, and has the 
same mode^*of condensation. (Blanchet). 

Copahuvic add, C 40 HJPO 4 . This nanfe is applied to the resin 
of copaiva, which posscjjses, according Tbo Rose, the same compo- 
sition as" colophony. To obtain it crystallized, Mr Schweizer 
dissolves 9 partS; o^ the b^ilsam in 2 parts of ammonia, and 
leave's the mixture in a cool place* The crystals which form 
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being taken out, washed with ether, and re« dissolved in alcoliol, 
furnish the pure rfjsin by spontaneous evaporation ; the salt of 
copahuvic acid and ammoni^ loses its ammonia during the eva- 
poration. The copah'kvaies of potash and soda are soluble in 
water, that ofammoTiia k)luble in ether ^ and aicohol, but not in 
water. The salt oi silver is crystallizalAe. 

Oil of pepper^ from Viper nigrum^ has^the same compbsition 
as oil of copaiva, and is similar in properties. 

Oil of cubebs^ from Piper mbi^ba^ is supposed by Soubeiran 
and Capitaine to be its* compound with hydrochloric 

acid being Cj 5 lIj 3 Cl. The former is still a multiple of * 

Oil of storaXy from the baljjam storax liquida, by distillation, 
has, according to Marchand, its carbon ancj hydrogen as C 2 IIJ 
or in the same relation as benzole, jfnd therefore differs in corn- 
position from all other known essential cals, "ft is converted by 
nitric acid into a resinous b6dy, which yiejjtls a particular crys- 
tallizable oil, by distillation, tlie nitrosiyrok of Simon. • , 

Oil of elemiy obtained by distilling tlic* resin, is a transparent 
colourless liquid, of an agreeable smell, its density is 0.8.52 at 
75^2 (24*^ centig.) ; ft absorbs hydrochloric acid, but does not 
seem to form a solid camphor. It congists of carUon and hy- 
drogen in the proportion of C4II5. (Stenhoiise.) • 

Laur eh turpentine oily imported of late from Dcmerara under 
the name of laurel oil; its density is 0.8645*at 60", it begins to 
boil at 301", but its boiling point rises to 325". Its smell 
slightly resembles that of oil of 4iJ"PBntine, but is Khuch itiore 
agreeable and approaches that of oil of leftnons. It contains no 
oxygen, and consists of two or more isomeric oils of the 
type. This oil, is an exfjpjilent solvent of cadutchouc, and is 
employed as aft • extcrifal application* in rheun^tism.* (Sten- 
house.) 


B. ESSENTIAL OILS* cdNTAINING OXYGEN. 


Oil of bergamotte fs obtained from the ripe fruit of the Citrus 
bergamottay or Citrus limetta (the lirnc!)^.. It is yellowish, but 
when rectified, colourless* Bas an agreeable odour 5 and* is nr^uch 
used as a perfume. Its density is 0.862 ; it combines with 
hydrochloric acid. It was found by Ohme to contain 
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per cjent of oxygen, and considered as a hydrate of lemon oil, 
3CioHft + 2TIO. But MM. «oubeiran and (3apitaine find it to 
be a mixture of 2 or more oils, whfcli differ in volatility, but 
could not be* camj)letely separated, wifh the proportion of 
oxygen varying from 3.37 to 16.14 per 4;cnt. By the action of 
anliydrous phosphoric acid upon this essence, an oil is obtained 
which •has tl)e same cftmposition as oil of lemons, or is of the 
CgH^type. By the actioij of ^phosphoric acid on the impure oil 
a peculiar acid was also produced (named phospho-hergamtc 
which forms soluble ‘salts with lime and oxide of 

lea^. 

Oil of clov(% from the undcrelo]icd llower-buds of the Cargo- 
phyUiis arot/uif}rf/,s\ It is colourless or yellowish, becoming 
bro'^^n in ujr, of a strong oddur and burning l>astc ; its density is 
l.OGl. Clove oil consists of two different oils, one light, of the 
type, the othei* heavy, of density 1.079, and boiling point 
469^ 4 ('il V’. centig.) which forms crystalline compounds with 
bases, and is named caryophtjUlc acid, Tlic two oils are sepa- 
rated by distillation of the crude oil with a solution of potash, 
by which the heavy or prop*er dove oil is^ retained in combi- 
nation, and# may afterwards be liberated hy means of sulphuric 
acid. Alcahol also extracts from cloves a solid substance, cary- 
ophyllwe, of which the formula, according to both Dumas and 
Etiling, is C2„Hjg02* distilled water of cloves dejiosits 

another substance in yellowish pearly scales, which has been 
narrfed eagSnme by Bonastre.# 

Oil of anise^ from* Pimpinclla anisum, is yellowish or colour- 
less,.of density 0.9857* It contains so much stearopten that it 
is solid at the usual temperature. 

The stearopten o*btained by pressure of the bfl cooled to 32®, 
cry^stallizes in cokwrless plates, •fuses about 64®, and boils at 
431®.5! Its composition, according to the latest determination 
of M.' Cahours, i^ C2o1fli202* With chlorine it appears to form 
two semifluid compounds of a viscid consistence, C20HPCI3O2, 
and With bromine the action is more definite, 

and a crysStlline compound is formed, kroikaimal^ 

If li parts of sulphiyid acid are digested with 1 part of the 
concrete essence, the latter is entircl;^ converted into a substance 
of a resinous natup<^ which when purified from sulphuric acid 
Ry distillation, is termed owiwwe, by Cahours. It is a per- 
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fectly white inodorous substance, ^sible at a temperature above 
212°, of which tb^ formula is C2()Hj202, or it is isomeric with 
the original concrete essence. By the action of dilute nitric 
acid on the essence fjf anise, anisic add, HO.-fCigHgOg, is 
formed, which crystalliifiBs in fine needles andiis volatile without 
decomposition; it belongs to the class® of benzoic and cinnamic 
acids. When distilled udth an exce^s^ of barytes, hydrated 
anisic acid loses 2 atoms of carbonic acid and yields misole 
0,411702, a colourless highly njolfejile liquid, boiling above 302° 
(150° centig.), of an agreeable* aromitic odour, insoluble i^i 
water, soluble in alcohol. Anisole gives crystallizable *aiiU 
volatile compounds with chlQrine and bromine ; it is evidently 
allied to benzole. Boiled with stronger nitric acid the con- 
crete essence of anise, gives nitrmiuic acid, IIO 
Nifranmde is a yellow resinous substance, ^^roduced by the 
action of fuming nitric acid upon the gr)ncretc essence ; its 
probable formula is C2oHj(,N20io. l^Gahours, Ann. de ^Chim., 
ike., 3 ser. ii, 274.) ** 

I'he concrete essences of fennel and badian are found by 
Cahours to be absolutely identicSl with that of anise. The 
concrete essence of anise is not aflccted^ by alkaliejg,. in which 
respect it differs from camphor, the solid e'fesence of «edar, oil of 
mint and certain other essences. 

Oil of bitter fennel consists principally oS two oils, one pos- 
sessing the composition of the concrete essence of anise ; and 
the other and more volatile oil ^^lich is much more difficitlt to 
purffy, appearing to correspond in composition with essence of 
lemons and turpentine, •but perhajis with a diflerent state of 
condensation. «Tlie mord^yolatile portion, when exposed to a 
slow stream of Ueutowid^ qf nitrogen, becorafe tl^ck and turbid, 
and alcohol then throws dowh from it a w]iite silky, matter, of 
which the composition is C15H13N2O4. (Cahours.) 

Oil of hyssop from the Hysm^us officiilalis, begins to boil at 
288°, but its boiling point iSses to 325°. It is a mixture of 
several oils, one of which probably contains no oj^ygen, as by 
repeated rectificatiofi of a portion of the oil contiflning 9 per 
cent of oxygen with fused potash, the •quantity of oxygen w as 
reduced to If per cent, Ihfe greater pari of tl»e ^oxygenated oil 
being converted into a brownish resin. (Stenljouse.) ^ 

Cajepul oil, is obtained ffom tl/e leaves of the Jjfelch 
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leuca leucadendron of the Moluccas. In the crude state it is 
green, but becomes colourless by rectificatiorji.. 

Oil of caraways^ extracted from the seeds of the Carum cami^ 
contains two ^ifljerent oils, one of 'whichj is probfibly a hydro- 
carbon (Voelkel). < These are different from the oils of the 
minum cymirnum^ althoufjh the two plants belong to the same 
family? 

OiU)f cumnim is extracteef from tlie seeds of the Cuminum 
cyminium. The Roman oil jfag feund by M.M. Gerhardt and 
Cahours* to consist of \wo oite. One of these oils they have 
(risfinguished as ci/mene ; it is a hydrocarbon CooHu? ^^nd boils 
at 329'. The other contains oxjgen, and appears to be tlie 
hydruret of a compound radical like benzoyl, which may be 
named cuinyL Cyrnenc is separated by dropping tlie essence 
into ^hydrate of ‘potaslt, in a state of fusion, the hydrocarbon 
distils over, and tine hydruret of cumyl is retained by the 
alkali a^s cuminic acid, Tlfe known compounds of cumyl are as 
follows: 

Hydruret of cumyl, or cuminol . C^oH^iO^ "I* 

Cumintc acid •. . C3 oH„o,+o 

Chloritie of cumyl or chloro-curninol C,„H„0, + C1 
Bromide of cumyl or bronio-cuminol 
Hydrated cuiniTiic acid . . CjoHuOa + O + HO. 


Hydruret of cumyl *or cuminol is a colourless or yellolfish 
liquid of a strong odour, easily altered by the contact of oxygen 
when heated. Ifs boiling point is 4^" ; density of its vapour 
by ^peiiinent*.‘>24t), by oulculatiort 50Jl4, its c*ombiniiig mea- 
sure bein^ suppos(»d four volurites. Cuminol is capable of 
uniting with hydrate of potash at the ordinary temperature 
without the evolution* of hydrogen. It is oxidated and con- 
verted into cuminic acid by direef oxidation, or when treated 
with caustiev^kidi in which case hydrogen is evolved, or by the 
action of slUphuric acid and chromate.of'potash. This acid, 
which corresponds wiyi’benaoic acid, .is colourless, crystallizes 

Rcclicrelic rliim*ineg »ur le» biiilcs meniiclles. An. <lc Chim. .line S<frie, 

i.<. p.(ip. “ 
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in prismatic needles, has an a(^d burning taste, is scarcely 
soluble in water, dissolves easily i« alcoliol, and may be sub- 
limed. When hydrated cufhinic acid is distilled with 4 parts of 
caustic barytes, it yields an aromatic colourless Jiquid, Ci3Hj.29 
to which the name cufAene has been ajiplied*; it boils at 29lo,2 
(144® centig.) Cumene is analogous \o benzin or benzole ; it 
forms tirith fuming sulphuric acid su^Ikcumenic acid^ •corres- 
ponding with sulphobenzic acid, of ^wliich the barytic #alt is 
crystallizable. With nitric • a^id. it forms nitrocumidcy ana- 
logous to nitrobenzide. 

Cymene has been found to correspond perfectly in density, 
boiling point, and density of ^vapour with camphogm from cam- 
phor, and is believed to be identical with *it. It also appears 
to be isomeric with retinylene fronf the distillation oj resir^ It 
forms a stdphocyrifienic acid. 

Lavender oil^ CIi5lI,402 {=3C5H^ + 2lH?.^ This familiar oil 
is thin, colourless, of density 0.877* * * 

Oil of peppermint from Mejitha piperita is pale yellow, and 
liglitcr than >vater. It contains a variable proportion of stea- 
ropten, so much as sometimes to form a solid prismatic crys- 
talline mass. The composition of the el^opten is Cfilli^Oa ; of 
the stearopten C20H20O9. Phosphoric acid witWraws two 
atoms of water frojp the last, and eliminates a liquid hydros 
carbon, which M. Walter has named mentfiene^ C2oHig. Dis- 
tilled with perchloride of phosphorus, the stearopten also gives 
cA/oro-mcw/Acwc, C20HJ7CI. Chlcirine is absorbed Uy the Stea- 
roplln, and tw'O diflerent chlorinated cotnpounds formed. By 
the action of nitric acid •a liquid acid compound is produced, 
C10H9O3. (P. Walter, de Chim. Ixxii. 83.^ 

Oil of cedar ^olid)y C32H36O2, or C52H24-f2HO. The crude 
essence as obtained from the* cedar wood of Virginia is a ^oft 
white crystalline mass, which after being deprived of water by 
heat becomes solid at 80®.6 (€7J*centig.)* l)^tilled by a* sand- 
pot heat, it comes over betwe&i 527 and 572® (275 and 300® cei^- 
tig.), and separates into a crystalline substance and liquid por- 
tion, The solid essence, purified by pressure anTl crystalli- 
zation from alcohol is remarkable for its^ beauty and lustre, its 
odour is aromatic and peculiar, suggesting that of* a ceilar-\yood 
pencil. It fuses at 165®.2 (74® centig.), ^and% boils at 539®.4 
(282®.. centig.) ; it is dissolved very slightly by water, largely b^ 



H98 


ESSENflM. OILS. , 


alcohol, from which it precipitates on cooling in silky crys- 
talline needles. The densHy of its vaj>pur is by experi- 
ment 8400; by calculation 8100, allowing its combining measure 
to be 4 volumes. - } 

. When the concrete essence is distilled! with anhydrous phos- 
phoric acid, the latter being added in a gradual manner to pre- 
vent great elevation of temperature, a liquid is obtained, cedrene 
which appears to l;)e the hydrocarbon of the essence. Its 
odour is aromatic and quite peculiar, its density 0.984, its 
boiling point 478M (248® centig.) ; the density of its vapour 
7900 by experiment, and 7^00 by calculation, supposing its 
combining measure to be 4 volumes. Sulphuric acid and per- 
chloride of pliosphorus act upon cedrene as upon menthene. 
The liquid essence of cedar, obtained from the crude essence by 
expression, has the same density and composition as cedrene. 
(P. Walter, An. de^^Chim. 3 ser. i. 498). 

Oil (if^oses^ otto or attar of roses, is colourless, of a most 
intense rose odour, lighter than water. Its stcaropten, which 
is inodorous, separates at the usual temperature in large 
, plates; it fuses at 95<^, is very slightly soluble in alcohol, and 
contains nocoxygen, but is a jiolyrneric variety of CH. 

Oil of m&fitha viridis is, according to the analysis of Dr. Kane, 

Oil of valerian^ Extracted from the Valeriana offeinaVtSy con- 
sists of a hydrocarbon and oxidated oil, the last giving, when 
treafed witB potash in fusion, r-alerianic acid, the same acid as is 
extracted from the roo*t of valerian, and obtained artificial^ by 
the action of potash upon the oil of potatoes. 

Oil of chamomxh is extracted frou^he flow'ers of the Matrix 
carta chmmomiUa ; its colour is deep blue. It edntains a hydro- 
car^jon and an oxidated oil, th^ last of which treated with 
pota^ in fusion ^ives valerianic acid. (Gerhardt and Ca- 
hours.*) The An^henm nobilis, Arnica montma and ArchUka 
rqillefolium^ yield also blue coloured oils, • 

Oilofrue,i\f^iyf)^\ obtained by distilling fresh plants of 
the Rata graveokm; is yellowish green, f>f density (>,837 64^.4 

(18^^ centig.) ; density />f vapour by experiment 7892, by calcu- 
lation the combining measure^being 4 volumes. This oil 

is soluble in suljAuri^c acid, and is precipitated by water; hydro- 
chloric r.cid has no action upon it. (Dr, H, Will in Liebig’s 
Aiiiuiien, XXXV. 2:17). 
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CAMPl/ojl. 

Formula: C^oHigOg, or C2oHj4H-2HO. This essence is 
brought to Europe ^\efly from Japan ; it obtained by dis- 
tilling the wood of the Laurus camphoiiL along with water, and is 
refined by a second sublimation. It is^ in white trat^luccnt 
crystalline masses, somewhat tougTi, but easily pulveriscc^when 
moistened with alcohol; possessin|j a* peculiar taste and smell, 
and may be obtained in brillia»t crykals of a high refracting 
power, either by sublimation or from solution in alcohol.* n 
floats upon the surface of water, its density being from 0.9857 
to 0.997 ; fuses at 347*^, and boils at 3990.2 (204^ centig.) ; the 
density of its vapour is 5317- It evaporates at the usual tem- 
perature, a property that; contributes ^to priwluce '• the lively 
movements which small pieces of camph^)r exhibit upon the 
surface of pure water. Like all the e^sentiarand fat oils, it also 
possesses a remarkable tendency to difFu%fe a thin film of its sub- 
stance over the surface of water, the result of a kind of capillary 
attraction, in consequence of whiclf a little column of camphor 
rising out of water is in the course of a short time cut across at 
the surface of the liquid. The detaching of the sul)s^nce of the 
camphor by this force must occasion a recoil, which appears to 
be the principal cause of the movements of ^ floating mass. Alf 
movement ceases when a drop of any oil is allowed to fall upon 
and difluse over the surface of ^le water. Camplwr is easily 
kindl^di and burns with a white flaraet • It is but slightly 
soluble in \rater, one part of camphor requiring about 1000 parts 
of water to dissqjive it ; but the solution has tlie^taste and odour 
of camphor. It is largely dissolved Ijy alcohol, ^thcr ^nd oils. 
The solution in proof spirit, inown as caraphoratecj sjflrit, is 
precipitated by water. Camphor/orms liquid compound«ftth 
nitric acid, acetic acid and hydroChloric acW. When distilled 
with anhydrous phosphoric afcid* it loses 2Ht), and yields a 
pure hydrocarbon, C20Hj4, to which M. Dumas applied tlic nara5 
camphogen. • , • 

Camphogen, after being, distilled repeatedly from phosphoric 
acid, is a colourless liquid, •of density 0,8tf T at an^i boiling 

at 347®. The density of its vapour is by experiment 4780;* by 
calculation 46‘97, allowing its coml}tiiing tneasure to coijtaiik 

* 2 N N 2 
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4 volumes (Delalande.) Camp^ogen exists in some essential oils, 
which are mixtures of a liquid hydrocarbon a^d an oxidated oil, 
as the assence of cummin. Campho^en in its chemical relations 
resembles benzin or benzole and napthaliije. 

. Hyposidpho-carrrjMc acid^ HO-fCygHig, S^Og; is formed 
when camphogen is heated on a water-bath with a slight excess 
of fuming sulphuric a^Ad"; the camphogen disappears without any 
evolution of sulphurous aqid, and an acid is produced analogous 
to hyposulphobenzic acid, which forms a soluble salt with lead. 
ffyposulpho-camphafe oj lead cfystallizes in pearly plates, which 
contain 4 atoms of water of crystallization, PbO -hC 2 oHi 3 >® 2^5 
“f-dHO ; but ^re made anhydrous by a temperature of 248^\ The 
salt of barytes is similar in constitution. This salt and the 
salt p{ lim^ are remarkable ‘ for their taste, of which the first 
impression is very disagreeably bitter, but changes in a minute 
or two into a svyefet and sugary taste analogous to that ol 
liquor ircr. 

Camphogen also forms a white crystallizable compound when 
acted upon by fuming nitric acid. (Delalande, Ann. de Chiin. 
3 ser. i, 368). 

Carnphomc 3II04 This acid, which is tri- 

basic, is jft*odu(^ed by long digestion or repeated distillation of 
^amphor with nitric acid ; and is divested of adhering camphor 
by uniting it with ‘potash, and decomposing the salt by nitric 
acid. It forms prismatic crystals, wliich are inodorous, of a 
very sour faste; fuses at 145|.4 (G.S^ centig.), and emits then a 
pungent vapour, ft kiblimes partially as the anhydrous acid. 
It is indifferently soluble in water, more readily dissolved by 
alcohol. ‘ 

Camphoric eacief forms^ a neutral and acid salt with ammonia; 
th^ormer contair^ 3 atoms of oxide of ammonium, and tlie 
latter 2 atoms^of the same witli 1 atom of water as base. 

# Acid camphor ute of oxide of dhyl is formed when camphoric 
acid, alcohol and sulphuric acid"' are heated together; and is 
separated by the addition of water. It appears to contain a 
bil)asic camphoric acid, of which the formula is united 

with 1 atom of oxide pf ‘ethyl and I atom of waten Tlie atom of 
watpr can be replaced !)y fixed baseS, and a class of neutral salts 
formed., By boiling the acid camphorate of oxide of ethyl with 
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wateV, it is resolved into tribasic camphoric acid, and neutral 
vamphorate of oxidt of ethyly 2Et)-hC2oHi406. (Malaguti). 

The matter considered as anhydrous camphoric acid, Cj^)H703, 
is obtained pure b)| crystallizing in alcohol the product of the 
distillation of campn^^ic acid. It forms long flat colourless 
prisms, which are tasteless and insoluWe in water. By continued 
boiling in water this substance is dissolvgd, and then api^ears as 
the hydrated tribasic acid. (LaiA*ent). 

Liquid camphor, CgoHjgQ ; tlie Slaopten of the oil Tf cam- 
phor of commerce. With the |;ame proportions of carbon and 
hydrogen as solid camphor, it contains only half as mij^h 
oxygen. The density of the pure oil is 0.91, its boiling point 
above 212^. 

CamphoUc acid, HO -f C2oH,703. The* vapour of camphor 
is entirely absorbed by a ^dry mixture of hyclr.ate o# potasli and 
lime, between 300 and ^00^‘ centig., witliyut the disengagement 
of any gas, and cainpholate of potash fdrified. This acid has 
the consistence of camphor, is insolitble in water, and easily 
saturates bases; it is camphor plus 2liO. (Delalande, Ann. 
de Chim. etc. 3 ser. i, 120.) Gainpholic acid, distilled with 
aidrj’drous phosphoric acid yields a hydrocarbon, 
volumes of vapour, (Delalande.) * • 

Carnphro^ie, C20H21O ; was obtained by M. Fremy, by 
dropping fragments of camphor into a pyrcelain tube contain- 
ing quicklime heated to redness. It is a light oil, boilinsr at H>7°j 
Boluble in alcohol and etlier but insoluble in water 

C. ESSENTIAL OILS CONTAINING SULPHUR. 

^ • • 

Volatile oil 4j/"mwjr/wc?,*C!^H5NS2.^Both black and white.mus- 

tard seeds yield a fat oil by expression. The Clack seed, when 
distilled with water, gives a remarkable volatile oil, whick»*s not 
contained in the seed, but is^ tlii^ result of the reciprocal action 
of water and an albuminous •substance in* the seed, narilted 
myrozine by Bussy, upon another crystallizable principle iii*it, 
myronic acid, whi«h js soluble in water, and apjl^ars to be an 
acid, although little is known respeqjbing it. ^ This oil is the 
cause of the acridity (if* black mustafd. The^ appjication of 
boiling water to the mustard, of alcohol, acids or alkalies, vhich 
coagulate the albuminous botlv. tfrevent the formation of the 
volatile oil. 

This volatile oil is colourless, heavier tlnfii water, of a paiiv- 
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fully intense odour exciting tears, and produces immediately 
inflammation and blisters wbei'i applied to the skin. Its boiling 
point is 289^.4 ( 143 ® centig.). Wlif*n burned, it produces sul- 
phurous acid. When the oil and an ej^cess of ammonia are 
put together in^a well stopt phial, the yii in a few days disap- 
pears, and a mass of beautiful crystals is found in its place, 
containpig the elements of -f NH3. This compound is 

believed by MM. Dumas and Pelouze, who examined it, to 
belong^lo the class of amides, Ojl of mustard is deprived of 
all its sulphur by distillation with hydrated oxide of lead, am- 
nfpnia being formed with sulphuret of lead and another crys- 
talline substance, smapoline^ C2gH24N404, which also remains 
in the retort. (Simon). * 

To this class of ei^isential ojls also belong, oil of horseradish^ 
from Gochlcaria a^rnioracia and C. officinalis, oil of garlic^ from 
Allium sativum, oil of^mons^ from Allium cepa, oil of assafmtiday 
from Ferula assafoetid^, oil of water pepper, Polygonum hydro- 
piper, of Arum maculate m ; also those of Lepidium latifoliuro, 
and of hopSf Humulus lupulus. 

‘ The substances which follow’^ are allied to the essential oils. 

NicotiariiTi^, a volatUd fatty matter obtained in minute quan- 
tity by distilling tobacco leaves with water. It is bitter and 
has a strong smell of ^tobacco, 

Asarine, from the root of Asarum Europeum, a crystalline 
substance, ftjsible in boiling water, volatile, having an aromatic 
smell and taste resembling 'camphor. Its composition is 
expressed by (Blanchet and Sell.) 

Anemonine {voux Anemone pulsatilla^^iemorosa and pratensis \ 
a crystalline substance, ^6^^202 CPchling); forms anemonic 
acid with*baryt^s (Loewig.) 

Uei^ine^ from Inufa helenium j obtained by distilling the fresh 
root with water, or by acting onr it with hot alcohol. It is crystal- 
liaible m white prfems, melts at IG2®, and bqils about 530 ®. Its 
formula is Ci4H^02 (Dumas), or Ci5Hio02 (Qerhardt.) With 
nitric acid aujl chlorine it yields two coinpounds, nitrohelenine^ 
^'i5^^9^2 + N04,^nd chloride of helenmeCy^ll^JO^+C\^. With 
anhydrousphusphoric a6kl, helenine yields a hydrocarbon CjjHg. 
(Gerlmrdt, Ann. de Chimie, etc. Ixxii, 163 .) 

The wobd of Cfuassia amura contains a crystalline body, so 
Also do the pods of Ejjidendron vanilla^ ahd the seeds of I’ait- 
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yhinta madagascarienBis^ the last highly poisonous, but none of 
them has been fully investigated.^ 

Caoutchouc^ or\ Indian rubber Is the dried milky juice of 
several trees which gww in South America and the East Indies. 
The fresh juice wasVoundby Mr. Faraday Tto ^contain in 100 
parts, 31.7 of caoutchouc, 1.9 of vegetable albumen, a trace of 
wax, 7«13 of an azotised substance, bi^tgr, soluble of ^ brown 
c )lour in water and alcohol, and*j>recipitable by nitrate of lead, 
2.9 of a substance soluble in^wat^r, but insoluble in alcoffbl, and 
56.87 parts of water containin|; ih solytion a small quantity of 
a free acid, which precipitated nitrate of lead and coloured,py- 
salts of iron green without precipitating them. These subs- 
tances are dried and included! in common caoutchouc, of which 
the density is 0.9335. Pure cj^outchouft carefully prepared 
from the milk is of density ().92o, transpare^it and colourless* 
or of a liglit yellowish tint in mass. It^contains no oxygen, but 
in 100 parts 8/. 5 carbon and 12.5 J^drflgtn, which are nearly 
in the proportion of (Faraday). §• * * 

Caoutchouc is remarkable for its extraordinary elasticity, and 
its application to remove marks of black lead pencil from paper. 
It is soluble in pure ether ; a small bag of caoutchouc left* 
in common etlier for twenty four iTojirs is sBflened, and 
may then be greatly expanded by gradually inflating it, so 
as to become light enough to ascend in^ the air when filled 
with hydrogen gas (Mitchell). Caoutchouc when cut into 
small pieces and well dried at ^30% is dissolved^ by rectified 
petroleum, and by the rectified ^ils frQpi,tar; solutions which 
are extensively used as^caoutchouc varnish. Caoutchouc also 
dissolves in the volatile and fat oils, but loses its elasticity in the 
latter. Oil of* turpentine’ often used ir^ the preparation of 
caoutchouc varnish ; to dissolve the caoutchouc* it is sjyd, after 
it is softened and expanded by the naphtha. * To j^der 
cloth air and waterproof, Mr. JC. Macintosh first applied several 
Croats of this vamisl^ to one tid^ of cotton or Voollen clo’th, affd 
then bringing the varnished surfaces of two pieces together, 
passed the double tclo^th between heavy rollers, % which the 
two pieces are made to ^adhere, and tjie interi^^icial spaces are 
completely filled up. This sheet caoutcRouc used by chemists 
is obtained by sawing off a thin slice from a solid block erf the 
material. In forming short c6nneeting tubes of it, *the she^et 
should be folded rotind the glass tube it is to fit, a^d the 
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superfluous edges cut close to the glass by sharp scissors *5 the 
fresh surfaces being then Wought into contact and pressed 
together adhere perfectly. c ^ 

Caoutchouc when heated to about 450 ® enters into fusion and 
forms a viscid adhesive mass. Distilled ^a higher temperature, 
it yields a fluid product, ‘which is a mixture of several hydros 
carbon^, differing greatly in volatility, the most volatile boiling 
at 90 ® ; and the least volatile 680 ®. According to Himly, all 
tliese volatile oils are of the tr^pe P5H4, but from their exami- 
nation by Gregory and by Bdupliardat, some of them resemble 
cA^fiant gas or C^Il4. Caoidchine of Ilimly is of one of these 
liquids, of wliich the boiling point was constant at 339 ®. 
Messrs. Endcrby observed that' the liquid distilled from 
caoutchouc is a solvent of that substance. 


* . f RESINS. 

From their endless variety, these bodies form one of tlie most 
extensive and indefinite clashes of vegetable principles. Like 
the resin of turpentine, which may be taken to represent them, 
they flow ^rom the tree dissolved in essential oils, which arc 
removed by distillation with water. In the liquid or soft state, 
they are named balsams, which are all compounds or mixtures, 
like turpentine, of resin and essential oil. There is every reason 
to sig)pose a close relation in composition between the oil and its 
associated resin, the *iast being often obviously the product of the 
oxidation of the former. The oxidation of the oil may occur 
by the combination of the entire oi^^Ss a radical with oxygen, 
or by th^ oxidcytiontif hydrogen, and its rcinovlal from the oil 
in the fbrm^ of water^ and tlie replacement of the hydrogen lost 
by ofifcygen, in equivalent proportions. The point is not decided 
by thq analytical infcfrraation wc at present possess, but M. 
Liebig adopting tfie following comfiosition for : 

©il of turpentine or C2„H,6 

And for : 

. Resin of turpentine C40H30O4 or CjoHjgOj, 
prefeJ^ to represent tire oil as th^ hydruivst of a radical, or as 
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C20II15 4* H, which, like the hydruret of acetyl in olefiant gas is ca- 
pable of combining directly with ^drochloric acid, and forming 
a double hydruret) C2^jHi^+HCl, or artificial camphor. The 
same hydruret is converted into the resin of ^turj)entine by the 
oxidation and replactTient of its atom of hydrogen by an 
atom of oxygen, making C20H 55 4-0, affd the absorption of an ad- 
ditional atom of oxygen by this compouid, making ^'20^^ 15^2* 
Every natural resin is a mixture of several resins, ^uite as 
the essential oils are mixtur^s.^ • THey are separated from each 
other by their unequal solubility in •hot or cold alcohol, in 
ether, in potash and carbonate of potash, or the different %oki- 
bilities of their compounds with metallic oxides in these and 
other menstrua. M. Unverdorben, who first threw light on the 
composition of the natural resins, separatee! from some, five and 
more resins, all quite digtinct substances. ••They^are Ifeavier 
than water, and become negatively cl(ictrical when rubbed. 
Some of them which are slightly sofublc ir/water, hajre^a bitter 
taste, but most of them are quite insoMble in water, and taste- 
less. They are fusible by a temperature aI)ove 212°, and are 
decomposed by a strong heat. Many resins, when dissolved, 
redden litmus, combine wnth bases and possess ^ajl the cha- 
racters of acids ; some even decornpost alkaline^ carbonates. 
Others are neutral, and do not combine with bases. A large 
number of the resins have been examined and analysed by Pro- 
fessor Johnston, to whose memoirs on the resins contained in 
tlie late volumes of the Pliilosojjjiiical Transactions,® I must refer 
for information respecting individual reilinS. 

• 

Amber is fpund in ll^eds of wood-coal, rfhd appears to be 
altered resin of the traes. •It is a brittle, fiard^substance,* usu- 
ally nearly transparent, sonHetimes almost colourloss, Put com- 
iponly yellow or even deep brown, and often includes ttfsects. 
Its density is 1 ,065. Amber is^insoluble in^ water, alcohol dis- 
solves about one-eighth of ft, refusing to dissolve the rest. Al- 
kalies also act only partially on amber. About U) per cent ol 
amber is insoluble m ether; what remains dissolves in oil ol 
turpentine and naphtha. Amber thus^appears to be a mixture 
of resins and a bitumen? It contains also succinic<icid,^which 
is obtained from it by dry distillation. 
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RESINOUS' VARNISHES. 

VarnishSs are made by dissolving resins iu alcohol, or oil of 
turpentine, or in a mixture of oil of turpentine and a drying oil. 
T.hese solutions, v^hen spread upon a suHace, j^vaporate, and 
leave it covered by a thih coating of the resin. To diminish 
the brittleness of spirt* varnishes, a small quantity of Venice 
turpentme is added, which gives the coating of varnish a certain 
tenacity, or a little linseed oib either alone or mixed with oil of 
ti^rpentine. ' 

The least coloured varnish is that from copal, which is gene- 
rally prepared by melting that resin, mixing it while hot witli a 
little drying oil, and adding gradually to tlie mixture oil of tur- 
pentine, in quantity equal to the resin. 

Lac varnislror facker applied to articles of brass, is made by 
heating together : ' 

8 parti} of shell lac 
4 parts of sandarach 
1 part of Venice turpentine 
4 parts of pounded glass 
60 pdrts of alcohol. 

The use of the poxnded glass is simply to assist the solution 
of the pounded resin by preventing it from agglomerating into a 
mass,«or sticking to the bottorqJof the vessel. This is an excel- 
lent varnish, but has a Ifrown colour. 

The varnish usually employed to cover oil paintings, maps 
and engravings, is*made of ; 

24 parts of mastich 
3 parts of Venice turpentine 
I part: of camphor 
10 parts of poundeU glass 
72 parts of oil of turpentine 

The paper ought to l:\p^tovered by a solution of isinglass, and 
dried,, before the application ofthis vartnsh, which otherwise will 
sink into the paper, aijd make it transparent. 
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GUM REflNS. 

Many plants affol^d a milky juice when cut or pierced, such as the 
dandelion and poppja which when exposed to the atmosphere, 
becomes solid, and a^iimes different appearances, according tp 
the plant from which it is derived. Tliese concrete juices form 
the gum- resins, which are importent froin their applications in 
medicine. They are essentially mixtures of resins with gum 
and an essential oil. They fipAp a milky liquid or emulsion 
with water, the gum only dissdlving, while the resin and qjl 
remain in suspension together with various other matters with 
w^hich they may be accompanied. Alcohol dissolves only a 
jiortion of them ; but dilute alcohol is their, best solvent, as it 
takes up both the gum and resin.* The dilute alkalies dissolve 
them completely, leaving nothing but foreign \natter. In their 
number are, ammoniac, galbanum, assafcEi 4 d^a, olibanum, myrrh, 
euphorbium, bdellium, aloes, scathfiiony, gamboge^ .opium, 
lactucarium, upas, and many others. **Very few of them have 
much chemical interest, and their treatment properly belongs to 
pharmacy. 

The resinous acids produced by the action of nitric acid on 
aloes have lately been studied by Mr. li. Schunh; they are 
remarkable for their splendid red and yellow colours, and form 
well crystallisied salts. They are chrysoiepinic acid, HO + 
0,2112^3013; chrysammmic acid, HO + C15HN2O12; with 
ahetinic and aloercsinic acids. (L&big’s Annalen, xxiix. ].)• 


•CHLOROPHYL. 

This name is»apj)lied» to the green colouritig njatter gf leaves 
and plants in general, which w observed floating in their tiells in 
the form of green globules, Sther dissolves the coliTiSring 
matter of these globules, legviri^ a ccdourless substance, of 
which the nature is•unkno^vtl. *Chlorophyl is prepared by di-- 
gesting fresh green leaves in ether, distilling ofl'^ the latter, 
digesting the green* residue in alcohol which dissoJtes it, dis- 
tilling to dryness, and th^n digesting the chlorophyl in concen- 
trated hydrochloric acid! • The fine etnerald gre^sn solution in 
that acid is precipitated by dilution with wat^r. The precipi- 
tated chlorophyl is again digested in* a concentrated solutipn ef 
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potash, and dissolved by the addition of water. On saturating 
the last solution after filtration, with acetic acid, chlorophyl 
precipi^atis pure, in the condition of*beautiful green flocks. 

Chlorophyl forpas, when dried, a bl\\ish green mass, not 
fusible, insoluble ip water, but dissolvingt-of a fine green colour 
in alcohol, ether, concentrated sulphuric and hydrochloric acids, 
and precipitated from^Jfese solutions by water. Its solution in 
alkali ig green, precipitated by acids and not by water. Chlo- 
rine converts it first into a yellow; substance, afterwards into a 
colourless fatty matter. Chlo’-ophyl is intermediate in its pro- 
piirries between a fat and a resin. Exposed to the light of the 
sun, it becomes yellow, and is probably then identical with 
wanthophyl^ the colouring matter of yellow leaves in autumiu 

.CLASS II 

CONSTITUENTS OF lAkTICyLAR PLANTS, OR FAMILIES OF PLANTS. 

nPERlN. 

Formula, C.^II,yNO<; (llegnault). 

This is a crystallizablc principle in botli white and black pep- 
per first obiiCrved by M. Oersted ; but not the cau.se of the acri- 
mony of pepper, which is due to a peculiar soft resin. Pepper is 
exhausted by means* of hot alcohol, the solution distilled to the 
condition of anextract, and that mixed with dilute alkiili, by wliich 
the dcrid reSin is taken up, an^ the piperin left undis.solved as a 
greenish powder, to be' purified by I'cpeated crystallization from 
alcohol. * 

Piperin forms * rhomboidal prism5i, 'of wliich the a^igles are 
and 91^.20', colou.dcss, tasteless, inodorous, fusible at 
212'\ not volatile. • It is scarcely soluble in water, and but 
slighTlfy soluble in alcoliol ; in* cold sulphuric acid it dissolves 
of a deep red colo,ur. 


ASPARAGIN. 

Formula, C«H7N2C)^4-2HO. 

A crystallizable substance, first obtained by Vauquelin and 
Robiquet, in the ^uice of asparagus ; it exists also in potatoes, 
Ihiuorice root, and particularly in the root of Althea ojicimlisj 
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marsK-mallow, from which last it is generally prepared. The 
root is exhausted by means of cola^ water, the solution concen- 
trated by evaporAion, and left for a long time in a Tool place, 
for the orystallizatiorr of the asparagin. It forms pretty large, 
colourless, octahedraV crystals, of a weak taste,* soluble in 58 
parts of cold water, insoluble in absolute alcohol, but mofe 
soluble in rectified spirits of wine than i^ water. Thc^e crys- 
tals lose 12.13 per cent of water ^t 194®. 

Heated with acid or alkaljne soliftions, asparagin is resolved 
into ammonia and aspartic aciU^ conducting itself thus like an 
amide. Heated with water alone, under pressure, above 
asparagin is converted into the aspartate of ammonia, by the 
assumption of 1 atom of water. The formula of anhydrous 
asparamide is CQligNOr, + NH 2 . * * 

Aspartic acid^ IIO + CgH^NOg; crystallises in folatcs, 

slightly soluble in water, and possesseti o£ weak acid powers.'^ 

SANTONIN. 

A crystallizable substance, ob^ined by Koehler and by Alms 
from tlje seeds of Artemma saiitonica^ or southernwood. It 
is colourless and destitute of smell, requires betw«3n 4 and 500 
times its weight of cold, and 250 times its weight of boiling 
W’ater to dissolve it. It fuses about 27fi® without loss 
of weight. The solution of santonin* in alcohol reddens 
litmus, but its acid powers arc weak. Its compound with 
potash, which has been namefe the santonaie of potdsh, is 
decomposed when its solution is boileS for a few minutes, and 
the santonin deposited in crystals when the solution cools. 
It may be c^mbined^ ^rth other bases, but not without the 
agency of alcohol. Its analysis gaVe CrJI^O^ but its atomic 
weight is supposed to be twelve times as Wgh {Liebng).t 


J7.SC?UI.IN. 


This substance is derived, by means of hot alcdliol, from the 
chesnut-tree, ash, and probably other barks. It is in thin 
colourless plates, or a wfeite powder, erf* a weak bitter taste, not 
fusible without decomposition. It is sparingly soluble in cold 

• • 

* Wittstock in Poggendorff’s Annakm« xx, 346. 
f Tromsdorrr Jnn. ; Lii^big's Animlcn, xi> 190. • 
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water. The solution, by exposure to light, acquires a- beautiful 
blue colour, even when the quantity of esculin is very small ; 
the blue tint vanishes with acids, but is rffpived by alkalies. 
The composition of esculin is expressed by. CjeHgOjo. 

‘ftCROTOXIN. 

^ • 

The substance to which cocdulus indicus, the fruit of Menis-^ 
permum cocguluSf oviGS poisonous qualities, was first investi- 
gated by Boullay. It ?s obtained by boiling in alcohol the 
bfliised seeds, after depriving them, by pressure, of the greater 
part of their fat oil, distilling olf the alcohol, and dissolving the 
remaining extract in boiling w'ater, slightly acidulated, from 
which the picro toxin crystallizes on cooling. 

It fjrms colourless, short and thin prisms, is intensely bitter, 
and not fusible. It is soluble in 25 parts of boiling water, and 
very soluble in alc6hol \ dr^es not combine with acids. It is 
highly poisonous. Its •eompositiou is expres.sed by 
(Regnault).* 


ANTHIARIN. 

The mosf deadly of the Upas poisons, employed by the 
inhabitants of the East Indian Arcliipelago to poison their 
arrows, is a gum resiif, from the Anthiaru toxicarUiy of which 
the active principle, anthiarim, was separated by MM. Pelletier 
and Caventou. It c^stallizes* in fine white plates, w^hich are 
inodorous, sparingly soluble in water, more so in aicohoL It 
acts in the highest degree as a deadly pbison. Its composition 
is Ci 4 Hjq 05 . 

CAFFEIN. 

e 

A cryetalline sub^itance is obtejned from coffee, from tea, and 
from guarana, a prepared mass from the fruit of Paullinia 
sorbilis. To obtain it from coffee, the raw beans, w^ell dried, 
are reduced *io powder, and exhausted ky boiling hot water ; 
subacetate of lead is addf d to the infusion, to precipitate gum 
and other matters, the liquid filtered^ and the excess of lead 
thrown down frorpr it by sulphuretted hydrogen. After filtra- 

• Fclleticr and CouerVe ^,Aon<dc Oiiim. et dt* Pliy«. !iv, ISl. 
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tion 5 *the liquid is concentrate(3|| by evaporation; the calFein 
crystallizes on cooling, and is purified by a second crystalliza- 
tion. It may be o\>tained boiling tea-leaves in water, filtering 
and proceeding precisely as with coffee, and also from guarana. 
It is snow-white, anS'^in fine needles, having a silky lustre, 
which have a very weak bitter taste ; ♦Hoes not act upon vege- 
table colours, and is sparingly soluble in pold water and alcohol. 
It loses 8 per cent of water at fuses at 352"* (178® centig.), 
and sublimes at 725® f385®,,centag.)! From its sojution it is 
precipitated only by tannin. .Soiled in a solution of caustic 
potash, it is resolved into carbonic acid, formic acid and' am- 
monia. With sulphuric acid and hydrochloric acid, it forms 
crystalline compounds. According to the analysis of Liebig, 
crystallized caflFcin consists of CgH5N202-f IIO. The quantity 
of this substance in different kinds of cofifee wa% foui^d by 
MM. Robiquet and Boutron to vary; IN^artinique coffee con- 
taining 6A per cent, and St. Domingo cofflee only 3.2 per cent 
caffcin. It is evidently not the principle upon which the 
peculiar properties of cither coffee or tea depend. 

Caffeic acid was discovered in coffee by Runge. It is a white 
powder, which yields, when heated, the characteristic aromatic*' 
odour of roasted coffee, 

Coumarin is a neutral substance, extracted from the *Tonka 
bean, tlie fruit of the Cotauarouna odoratoj and the flowers of 
the melilot, Melilotm officinali^, which crystallizes in silky 
needles, or short prisms. Its ^’comporitipn according to M. 
Henry is 

Hesperidini a crystalline substance, obtained by M. Lebreton 
from the skin (Jf the unj'ipfi orange or lemon, 

Populin^ found by llracoijnot, in ’ the bark "bf the^ Populus 
tremula^ where it is acompanied by salicin*. It crystalliz^js in 
snow-white silky needles, has a "sweet ta^ste, not unlike that of 
liquorice, requires about 200^) times its weight of cold w^ater to 
dissolve it, but dissolves in about 7^ times its weight of boiling 
water.* , 

Plumbagin^ discovered in the root of the Plumbago europea, 
Daphnin^ extracted byiTQmeUn and Ba«r from the bark of the 
Daphne mezerium^ or common mezerion. It *is crystalline, 
colourless, but little soluble i» cold watsr, sloluble in alcohol 

♦ Ann. de Chim.^t de Phys* t. ^4, p. 
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and ether. Nitric acid convcjrts it into oxalic acid. It isr con- 
sidered by Gmelin and Baer as a body analogous to as- 
paragin.^ 

vegetable albumen and L^GUMIN. 

* When fresh gluten fr'fem wheaten flower is digested in hot 
alcohol^ till everything, soluble is taken up^ vegetable alhumen 
is left, of a greyish colour. It‘ is soluble in water, and is coagu- 
lated by heat, insoluble in "'alcohol and ether, and agrees per- 
fectly in properties with uninialailbumen. 

^cBraconnot observed a peculiar principle in the fleshy cotyle- 
dons of the seeds of papilionaceous plants, to whicli he gave 
the name legumin. Kipe peas, softened with water and reduced 
to a pulp, gave, when iiiixed with pure water, a milky liquid, 
from *^whiclf starch precipitated, and wliich retained legumin in 
solution, seemingly combined witli a vegetable acid. When 
evaj)oratecl by heat/ the sedation does not coagulate, but depo- 
sits the legumin by litrife and little, under tlic fonii of diaphtP 
nous pellicles. It is purified by vrashing it, while still moist, 
with boiling alcohol. It tlmu has a fine white colour, and 
*does not affect litmus paper. Legumin is soluble in water, 
but insolul:fie in alcdiol. It dissolves very readily in acetic, 
oxalic, citric and otlier vegetable acids, but is precipitated from 
solution, on tlie cont^rary, by the mineral acids, which last, form 
sparingly soluble compounds with legumin. Alkaline hydrates 
and parbonates also dissolve it uith facility, and the solutions 
froth like a soap. • r 

M. Liebig has lately made the interesting observation that 
legumin is identical in properties with the animal principle 
casern^ and has the mmo pomposition. dt is akd accompanied 
by the SKime salts, namely potasl^ phosphate of potash, inag- 
nesiaj^ime and oxide of iron, ajj| the casein of milk. 

NEUTRAL COLOUR'NG MAIJERS. 

INDIGO. 

Formula of blue indigo^ CigUgNOj. /Crum, Dumas). 

This im])ortant coloifthig matter exists in tl»e leaves of all the 
species of the fndpofera. It is obtained also from Nerium tinc- 
torium, and in small* quantity from haiis tinctoria (pastel or 
woad), and various otlicr plants. In India, the indigofera plants 
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are cut before flowering, and albiwcd to steep for nine or twelve • 
hours in a vat, covered with vtater, in wliich fermentation 
occurs with the (K'Olution** of carbonic acid and hydrogen gas. 
A yellow coloured li^ior is drawn off into antitltt^ vat, in which 
it is beat and stirred tiil it acquires a blue cdlour, and the indigo 
precipitates. It is tlien drained on ^calico, placed on proper 
frames, and strongly pressed Ijy meafis of screws, cut into 
cakes of the proper size, and dried ^ I'he plant thus* appears 
to contain the indigo in a* very different state from that in 
which it is ultimately olitained.* It is not certain that it c^n4)e 
extracted from the indigofera without fermentation j but Che- 
vreul has shown that it maybe extracted from pastel, by treating 
the latter with hot water free from oxygen^ and that the yellow 
solution thus obtained became blue, and deposited ij/digo.* 

The indigo of cornmoree is of a deejt blue, inclining to black; 
its fracture is earthy and dull, but bec^fnjes of a coppery red 
wlien rubbed with a hard body, and*tlie more brilliant*and like 
copper the colour developed by friction, the purer is the indigo 
considered. It is far from being a pure substance, rarely con- 
taining lialf its weight of blue colouring matter, and often mucli* 
less. Berzelius separated from it; i, glnten df •indigo^ by 
digesting indigo in line powder with a dilute* acid^ which also 
dissolves some salts of lime and magnesia ; 2, a principle which 
he has named indigo broivn^ by means of a Concentrated solution 
of caustic potash gently heated; and 3, indigo red^ by afterwards 
boiling the indigo repeatedly \mt\i alcohol of deusity fl.830. 
Indigo blue remains, but is not yet absolutely free from foreign 
matter. • 

To obtain it^^ure, recourse is had to the solution of indigo 
in the ordinarjT indigo *vat, *or the ifidigo purified bf Jjic pre- 
ceding processes* may be dissolved by imitating on 3 small^cale 
the preparation of the dyer. One part of indigo in an impal- 
pable powder and 2 parts o# quick-lirne, re 4 '.ently slaked, are 
mixed, and introduced into a well stopt bottle with about 150 
parts of water. To this is then added two thirds o^the weight 
of the lime of crystallized protosulphate of iron in fine powder, 
or dissolved in a small quantity of hof^sgater. The bottle then 
being completely full and*well closed, is agitated occasionally 


* Dr. Thomsop’s Organic Chemistry, p. 369. 

2 o o 
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for several hours, and kept in 0 warm place till the supernatant 
liquor acquires a yellow colour. The protoxide of iron precipi- 
tated by the lime becomes peroxide^ taking ^oxygen from the 
blue indigo, which in this altered state fo^s a compound with 
the lime, soluble in water^ When the yellow solution of this 
compound is poured out or exposed to air, it rapidly becomes 
blue from tlie absorption of oxygen, the indigo loses its solubility 
and precipitates. In the usual process of dyeing, the indigo is 
fixed by dipping the yarn ot' cloth in the same solution of 
ir>digo, and then exposing it to‘iiir ; the indigo thus penetrates 
info *the cloth in a soluble state, and is rendered insoluble 
afterwards by oxidation within its substance, so that it cannot 
afterwards be washed out. The sediment in the bottle yields 
more^ soluble indigo, when agitated again with pure W'ater 
slightly heated, or with ‘lime-water. The yellow solutions are 
mixed together and fteely exposed to air, with the addition of 
a little .h) drochloric acid to dissolve the salts of lime, and the 
blue indigo which precipitates- is collected, washed upon a filter 
and dried. It is afterwards washed with boiling alcohol by 
M. Dumas to take up the incliffo red of Berzelius. 

The pur’fi^*d indigo, ^dien dry, is of a deep blue; with a shade 
of violet, and wlfen rubbed, exhibits a strong copper red colour 
and metallic lustre. It is tasteless, inodorous, insoluble in 
water, alcohol, etha', and not aflected by alkalies or diluted 
acids. . When heated to about it fuses (Crum), and at the 
same time emits a beautiful p'arple red vapour and sublimes, 
condensing in small copper-coloured prisms, but it is always 
partially decomposed at the same time*- To observe the beau- 
tiful appearance ^of sublimed indigo^, Hen or twenty grains of 
good indigo in. powder may be put'upoil a pretty thick sheet of 
iron or*^ copper, pre^^sed flat and then covered by the lid of a 
platinum or porcelain cruciblcy two or three inches in diameter, 
while the plate is heated sharjjly by placing it over a lamp or 
choflfen On raising the cover, aftei* the plate is cool, the charred 
mass will bq found entirely covered by copper-coloured crystals. 
Their density is 1.35. Blue indigo was cttrefully ^analysed by 
Mr. Crum,* and repeatedly by M. Dumas, whose results con- 
firm the original determination of Mi®. Crum.f 

* Thomsdli’s Annalji’ of ri»ilosopl\^% second aeries, v, 82. 

t Dir nas, Ann. de Chiin. ct de Phys. t. 73, p. 2(19 ; and 3 *6r, t. 2, p. 204. 
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White or reduced indigo is prodiiced by the action upon blue in- 
digo of deoxidating bodies of all kinds, such as the protoxides of 
iron and tin, sulj^hites and phosphites and many jsulphurets, 
particularly the sulpl^iyet of arsenic or orpimtnt; but only with 
the concurrence of an alkali or allgiline 'earth, which may 
combine with the reduced indigo. 6n neutralising a solution 
of the alkaline compound with hydrSchloric acid, carefully 
excluding air, the reduced indigo iij tlirown down as ^ wdiite 
precipitate, flocculent, and • cornposed of minute * crystalline 
plates. Carefully dried in vacuo, it is coherent, of a greyirfi 
white colour and silky lustre ; in the dry state it soon becomes 
blue superficially in the air, but requires several days to become 
entirely blue. When humid or dry, it is tasteless, inodorous, 
insoluble in water, soluble in alcohol and^ ethei^ wlii^h it 
colours yellow; but it is soon deposited from the alcoholic 
solution as blue indigo, wdien exposed li5 ^air. White indigo 
does not affect litmus, dissolves in* alkalies without tieutral- 
ising them, and has not marked acid characters, although 
it combines with bases. According to the observations of 
Dumas, the conversion of tvhite into blue indigo occurs in air, 
without any Change of w^eight, or there is, at the utiaa©sta slight 
but sensible loss.' 

White indigo w^as named indigogen by Liebig, and blue 
indigo considered the oxide of that radical. M. Dumas 
takes another view of the relation between these bodies, con- 
sidering white indigo not as dedkidised blue indigo, but •blue 
indigo combined with an atom of hydrogen, and forming a 
liydrurct, analogous to the hydruret of benzoyl, thus ; 

White indifo C, 

Blueindigo CigH^NOg-K H. 

• 

In the oxidation of indigo, ofi th*is view* water is formed and 
liberated. M. Dundas still *adheres to this view in his latp 
Memoir on indigo. The combustion of white indigo he found 
to be easily affected, but that of blue indigo is attended with« 
difficulty, so as to leave some uncertain as to its composition. 
According to M, ErdmAin, the formula of blue •indigo is 

C32H,oNA- ... - 

Action of sulphuric add , — Indigo combines with fuminsr 

2 o o 2 
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sulphuric acid or oil of vitr.'ol, when slightly heated with 
that acid in the proportion of 1 to 8, without any evolution of 
sulphurcms ^cid, and forms a semi-fluid mass,^ popularly known 
as sulphate of indufo^ which dissolves in a ronsiderable quantity 
of. water, of an intense blu^e colour, Theq)roducts of this action 
were first examined by Mr, Crum, whose results form the basis 
of M. f)umas’ later investigations. To convert blue indigo 
into sutphindyUc acid^ thf. latter chemist recommends the 
digestion of* the indigo in a btge "Quantity, not less than 1 5 
pa?rts^ of concentrated oil of vifriol, for three days in a bath 
maintained at a temperature of or 140 ®. The solution is 
afterwards diluted with water and filtered, although when these 
precautions are attended to, little or nothing insoluble remains 
on th^*, filter. To the limpid** liquid a strong solution of pure 
acetate of potash is added, and the precipitate which falls is 
washed with acetate d*^ potash, in which salt the sulphindylate 
of potash is insoluble although soluble in water ; the acetate of 
potash remaining in the precipitate is got rid of by diffusing 
the latter through a quantity of ordinary alcohol and filtering 
again. The blue matter remaining* when well dried at 212®, 
gave by ainlysis, KO -hCjeIl4NO, 820^3 ; conducting to the 
following formula for hydrated sulphindylic acid, HO + 
CigH4NO, 820(3. Blue indigo thus appears to lose HO in the 
formation of sulphindylic acid. Sulphopurpuric acid^ remains 
upon the filter in the preparation of sulphate of indigo, when 
8 or 10 parfe only of sulphuric^acid have be^n employed to 1 of 
indigo. It is drained,** and washed with diluted hydrochloric 
acid, till the w^ashings al’e colourless ?*nd free from sulphuric 
acid. It is then carefully dried abftut 392 ® (200® centig.). 
This purple add gave by analysis,* C32H10N2O4 4*2803. The 

sulphopurporate of potash is obtafued by dissolving the acid in 
water7 and adding acetate of potash to the liquid ; it precipitates 
in purple flocks, yvhicfi shoulS, be washed first^with a solution 
of acetate of potash, and then wilh alcohol. Its composition 
indicates that the atom of indigo CJ6H5NO2 takes the isomeric 
•state C32l]^()N04, to constitute sulphopiwpuric acid. M. Dumas 
institutes the followii^gj^® comparison between the indigo and 
benzpyl cempounds : 
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Blue C„H^Oj Benzoyl 

C,jHjNOj,H White indigo C,JI*02,H Essence of bitter almonds 
Isatin of Laurent Salicyl 

C, 4 Hj 04 ,H Hydruret of salicyl. 

• • 

Action of fused pOtt^sh on indigo. — M. Gerhardt has made 
the curious observation that when blife indigo is thrown in small 
portions into fused hydrate of potash, lltit body dissolvSs losing 
its colour, disengaging abundance of hydrogen and annwoniacal 
gas, and leaving as a fixed re.^icfpe a mixture of valerate and 
carbonate of potash. The reaction takes place at the expense 
of the* elements of water ; 1 atom of indigo with 14 atoms •of 
water giving 1 atom of valerianic acid, 6 atoms of carl)onic acid, 

1 atom of ammonia and 6 atoms of hydrogen. On heating the 
saline residue slightly with sulphuric acid, valerianic acid is 
obtained in large quantity. This indeed appears to%e the most 
eligible process for preparing that acid. / 

Indigo is much used in dyeing, ficing principally apjdied in 
the deoxidised state, and forms one Uf the most permanent 
colours, resisting every thing except chlorine and nitric acid. 
In the form of sulphate of indigd, it is used for Saxon blue,^ 
which is much less permanent. ^ ^ , 

Anilic or indigoiic acid^ II04'Ci4M4N0g (Dumas); is 
formed when indigo is dissolved in nitric acid considerably 
diluted, and may be crystallized by concerirf:ration of the liquid. 
It forms colourless prisms, of a sourish bitter taste, fusible and 
volatile, sparingly soluble in wat^r. It forms crystaHizable«salts, 
which detonate feebly when heated. • The formula of the 
salt of silver is AgO -f C^ 4 li 4 NOQ (Dumas). The indigo therefore 
in forming anilic acid with nitric acid, loses 2 atoms of carbon 
and 1 of hydrogen. 

Picric acidy carbazotic acid^ HO + Cj^HgNgOj^ (Dumas). 
This acid, which was first known as the bitter of Pt^elter^ 
is produced byjjjie action of«nitFic acid* on the preceding com- 
pound, and by tha solutioft of indigo or any other azotised 
organic substance in concentrated nitric acid. crystallizes 
in yellow brilliant prisrys, of a very bitter taste, whicifare fusibl% 
and volatile, and burn v^th flame when sharply heated ; they 
are sparingly soluble in <VjJter, which they colour yellow. Picric 
acid is not decomposed by other acids nor^by chlorine. Its 
salts are yellow and generally cfystaBine; fliey detonate st^pngiy 
when sharply heated,’ or sometimes jjy ?i blow, particulariy the 
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potash salt. M. Piria has ijilso observed the forijiation of 
picric acid in the treatment of hydruret of salicyl with nitric acid. 

Chlorisatmy C32H4NCIO3.* Wheh chloriri'e gas is transmitted 
through water An which blue indigo is su^ended, hydrochloric 
acid is formed, and the indigo is converted into a reddish yellow 
matter, which Erdmann 'has found to be a mixture of several 
new prbducts, of whick the most remarkable are two chlorine 
compounds, which have been named chlorisatin and bichlorisatin. 
When the yellow matter is digested in boiling water, a resin is 
l^t undissolved, and a solution ‘ formed, which on cooling, de- 
pbsits a reddish yellow crystalline powder, which is a mixture 
of the two compounds mentioned. When this is dissolved in 
boiling alcohol, the ^hlorisatin crystallizes out first. It forms 
orange-yellow, four-sided prilsms, is bitter, soluble in alcohol, 
but highly insoluble in cold water. It is partially decomposed 
by sublimation. \ 

Chlorisatin dissolves in a solution of caustic potash, of a red 
colour. When heated,' the colour of this solution changes to 
yellow, and a potash salt crystallizes on -cooling, in shining 
^^Dlates, of which the composition is KO-f C32II5NCIO4. It 
contains clil^risatinic acidy into which, under the influence of 
bases, chloKsatin is donverted, by the fixation of the elements 
of an atom of water. Strong acids throw down chlorisatin 
again from the potash salt. The salt of lead is a yellow preci- 
pitate, which becomes of a fine scarlet on standing. The salt of 
copptr is thrown down brownish yellow, but becomes blood-red 
and granular. ‘ * 

Bichlorisatin^ C32II4NCI2O3 ; contains twice as much chlorine 
as chlorisatin, bfit greatly resembleg^^it in properties, and is 
anatogoiwi in ijs relation » to alkalies. The salt of lead of its 
acid is permanently yellow ; the ccfpper salt, wljich first appears 
as a Thrown gelatinous precipitate, soon becomes greenish yellow, 
and then of a splendid blohd-ned and granular. It is said 
to form a very fine red on drying, ‘and to take a gold lustre by 
friction. , 

Chloriscttydcy C32H5NCIO3; a white substance, which is 
formed when sulphuretted hydrogen is sent through a solution 

* So named frony hatk tindoria. Tliese formulae are to be considered 
WiHh reference to the formula Ascribed to blue indigo, by M. Erdmann, 
namely^ 
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of chlorisatin in alcohol; the liquid becomes colourless, and 
sulphur is precipitated at the same time. Bicjhlorisatin in 
similar circumstances yields hichlorisatydey 
When treated with potash chlorisatyde and bicWorisatyde yield 
chlorisatydic and bichCo^iisatydic acids. ^ • 

Chhraniley CgCl^O^, one of the p* oducts of the continued 
action of chlorine upon chlorisatin and*blchlorisatin dissolved in 
alcohol. It is a volatile substance in crystalline scales of a 
brass yellow colour, which is di^olved by potash Of a purple 
colour, but is tlien converted ftito cliloride of potassium agd 
chloranilate of potash. Chloranilic acid is a reddish powder, 
composed of fine scales ; its .composition is C^,C 103 . 

Ckrysanilic Acidy H0 + C28Hj^N205. ^hen indigo in pow- 
der is added to a solution of caustic potash, of density^ 1.35, 
and boiled in a silver vexisel, an orange-yelloW salt is formed, 
without any evolution of gas. The acii^is separated as a red- 
dish-brown precipitate on the addition o/ sulphuric acid to a 
solution of the potash salt; it is namStl chrysanilic acid, from 
its relation to aniline and the golden-yellow colour of its salts. 
(Fritsche). 

Anl/iranilic Acidj H0 + Ci 4 lIgN 03 .^ The soli 4 ti 4 >n of the 
fused mass above becomes blue in the dir from absorption of 
oxygen, like a solution of white indigo, and blue indigo pre- 
cipitates in crystalline grains. On boiling the solution with 
dilute sulphuric acid, the decomposition proceeds more rapidly, 
and a brown resinous mass is ob|ained, soluble in alcohol, ether, 
and alkalies. To prepare this acid, thtj first alkaline solution 
is diluted, and peroxide of manganese added to it in small quan- 
tities, at the bailing poif^f, till the solution gtves no black pre- 
cipitate when ilBndered*acid,®aad its colour fs not reddi^h-bfown 
but a dirty grpyish browif. This acid, , when aublimed, is 
white, and resembles benzoic acid, but the fused sublimate is 
yellow. Its sait of Ime is v«r]j Soluble In hojt water, and crys- 
tallizes in colourlessirhombohedrons. Anthranilic acid, distilled 
by the heat of a spirit lamp, is decomposed in a. considerable 
measure, and resolved into carbonic acid and aniline. • (Fritsche i 
Liebig, Annalen, &c., xxxix. 76 and 

Aniline^ Ci 2 ^ 7 ^ (FriAdie) ; an oily ^liquid, wbiclijdistils over 
when finely pulverised indigo is decomposed l>y a highly concen- 
trated solution of caustic potaslT or soda in ^ retort. Its quantity 
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amounts to about 1 8 or 20 (vsr cent of the indigo employed. 
The density of aniline is 1.038, it boils at 442®.4 (228® centig.). 
Its smell is strongly aromatic, but at the same^time disagreeable, 
it is sparingly solvible in water, but mixeu in all proportions 
with alcohol and ether. Exposed to r the air, it acquires a 
yellow colour, and becomes resinous. The most remarkable 
property of aniline, is its basic character. It forms salts with 
acids, assuming an atom of water when it unites vnth oxygen 
acids, and combining directly*witb hydracids, exactly like the 
v^geto-alkalies and ammdnia. ’ 

H)i:afaie of aniline is formed by mingling together alcoholic 
solutions of aniline and oxalic acid ; it falls as a white powder, 
which is to be washed with alcohol, from which it crystallizes 
on cooling. Its formula is CJ 2 H 7 N + H 0 , 0303 . Hydrochlorate 
of aniline is prepared by-' mixing aniline with hydrochloric acid, 
and crystallizing the* salt; it dissolves easily in water; its 
formula. is. C 12 H 7 N + HCL* 

Unverdorben had prd^iously obtained, among the empyreu- 
matic products of the dry distillation of indigo, an oily alkaline 
body, which he had distinguished as crystalline^ because it has 
the property of forming crystallizable salts with acids. It was 
not analysed^ but there can be little doubt that it is identical 
with aniline. 

COLQURING PRINCIPI.es OF ARCHIL, LITMUS, AND CUDBEAR. 

Vanous lichens, which communicate no colour to pure water, 
strike a fine blue with solution of ammonia. They contain 
certain crystallizal^le principles, in theiQselves colourless, which 
are thus modified by assuming the elehieiits of ammonia. The 
history ^df thest principles is stiljt incomplete, although con- 
siderable progress h^s been made in their investigation by the 
labours of Robiquet, Peeren,J'Dumas, Eane, and E. Schunk. 
The liriiits of this work will not p^;rmlt me to enter into details 
respecting the various bodies obtained, of which I can do little 
more than indicate the names and the composition when deter- 
mined. 

Prom archil weed, the Roccella tincforia^ Dr. Kane obtained 

the following sferies of substances, either existing in the lichen, 
<! 

f C ‘ 

* Fritschc in Liebig's Annalen, xxxvi, 84. 
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or produced by the action of re- agents upon principles existing 
in it 

1. Erythrilin, ^ white powder, insoluble iv water, 

but converted by ebullition into erythrilin .bitter, soluble in 
alcohol and ether, also "jn alkaline liquids, frpm which it is pre- 
cipitated by an acid ; not volatile. • 

2. Erythrin, CgoHigOg ; sparingly soluble in cold water, but 
very soluble in boiling water, and separating on coaling in 
brilliant, micaceous, snow-whitp •^cales ; the solution'^s colour- 
less, but in air becomes rapidly ^rown,* and is decomposed. Jt 
is very soluble in alcohol, ether and alkaline solutions, frotn 
which it is precipitated unjiltered by an acid. It fuses at 
220® without losing water, and is decomposed at a higher tem- 
perature without volatilising. Thte substance agrees in compo- 
sition and properties, and is believed by Dr.**Kane*to beVlen- 
tical with the pseudo-erythrin of Heer^ii, derived from the 
Parrnelia roccella. It forms a wine-i^d solution when pxposed 
to the conjoint action of ammonia and ^r. 

Erythrin bitter^ amarythrin^ C22HJ3O14; is formed when 
erythrin is dissolved in hot water and exposed some days to the 
action of air. It is a bitter extractive matter, vejy^soluble in 
water, much less so in alcohol, and not%t all in o4her. It is 
precipitated, like the preceding compounds, by a salt of lead. 
This is the erj^thrin bitter of Heeren. • 

4. Telerytrin^ C 22 H 90 jg; formed when amarythrin, in a 
semi-fluid state is exposed for sfpveral months to ah*, the latter 
changing gradually into a mass of very^mlnute granular crys- 
tals, of a l>rownish yellow colour, but becoming white when 
purified by cry^allizatioif^from alcohol. • 

The ordinary archil ^orseHle) of commerCe i% prepa^^ed from 
the Parrnelia or Jtoccella. The lichens arp reduced to a pulp, 
and treated with impure ammoniacal liquors. The complete 
production of archil requires a *considcflrable time, and from 
Dr. Kane’s observalaons, thfe colouring matter is in a constant 
state of transition. ^ 

Orcin (cr.), CjgHj20^; a colourless crystallizable •substance, 
obtained by Robiquet ftora the Lichen dealbatm. The dried 
lichen is boiled with alcoht)!, the solution filtered hot, and dis- 
tilled to the condition of an extract ; the tost is exhausted 
by water, and the concentrated *soiu!ion brought by evapotation 
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to a state for crystallization. #The orcin is purified by treatment 
with animal charcoal and repeated crystallization. It forms 
colourless, four-sided prisms, of a iweet bu{ disagreeable taste, 
soluble in water .and alcohol, easily fused and volatile. Its 
^lost characteristie property is the becoming of a deep violet 
colour, when exposed to* the joint action of ammonia and air, 
owing to the formatioiu bf orcein. Orcin forms a compound 
with oi;ide of lead, of which the formula is CigH^Og-f fiPbO. 

Orcm.-^The orcein of arcjiib is of a fine red colour, slightly 
i^luble in water, but co'iouring it strongly, and wholly precipi- 
t/tted from it by the addition of a neutral salt. It is very 
soluble in alcohol, which it colours scarlet, and from which 
M^ater precipitates it. It is scarcely soluble in ether. Orcein 
dissolves easily in potash ot ammonia, giving it a magnificent 
purple colour, the colour of ordinary* archil ; from this solution, 
the colouring matter,. may be separated by the addition of an 
excess pf common salt. An alkaline orceinate gives with me- 
tallic salts, lakes of a' fine purple of different shades, which, 
however, lose much of their lustre in drying. Dr. Kane finds 
the orcein of archil to be often a mixture of two substances, dif- 
fering in thfir proportion with the age of the archil, which he 
names alpha-orcein atid beta-orcein ; the last is produced by tlic 
oxidation of the first, and is the orcein of Robiquet and other 
chemists. Their formulae are : 

Alpfia-orcein . . C^gH^oNOg (Kane). 

Beta-orcein r . ^gHjgNOg (Liebig, Kane). 

The last was dried before analysis at 212®. The formulae of 
their compounds with oxide of lead, ^re ; that »of alpha-orcein, 
CigKipNOg + jPbO, and that ^f bbta-orcein, CigHj^NOg 
■f 3PI?0. .The two, orceins are identical in sll their essential 
chemical properties ; have the- same solubility in water, alcohol 
and ether. The/orntula of 'anhydrous orcin being CigH^Og, 
that substance requires only to Combine* with 1 atom of am- 
monia, together with 2 or 5 atoms of oxygen, to form the one 
or other vSriety of orcein. « ' ' 

In addition to the two orceins, the. archil of commerce con- 
tains erythroltAc add and azoerythrin^ of which the former 
admits of two modifications; besides the yellow matter of 
Heerm. 
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Ahoerythrin consists of C22Hg9022 (Kane), by abandoning 4 
atoms of carbonic acid and 9 ato^js of water, it will yield an 
equivalent* of alph^-orcein. » 

Erythroldc (Kane), is a jpujple substance, 

distinguished for its 5i?mi-fluid consistence aj tlie ordinary tem- 
perature, and its solubility in ether arrf alcohol. 

Itoccellic acidy Cigrii604 (Liebig), On# of the 'principles ex- 
tracted by Heeren, * 

Litmus. — The cubical masses, of* commercial litafms being 
reduced to powder and treate5#with boiling water give a deep 
blue solution. The mass of insoluble matter, which is of a paler 
blue than the original substance, is diffused through water and 
reddened with hydrochloric* acid. The whole is then thrown 
upon a fdter, and the red insblublt substance which remains is 
washed with water until gll excess of^hydrdohloric? acid^s re- 
moved and then carefully dried. The r^ss when completely 
dry is boiled in successive portions t>£ alcohbl, until every thing 
soluble in that liquid is taken up. Vfhe deep red alcoholic 
liquors are then distilled in a water-bath to dryness, and ilie 
resulting solid material digested in warm sulphuric ether until 
the latter no longer becomes coloured. The ethereal solutions' 
thus obtained, yield on distillation in a*\witer-bath^ fine crim- 
son oily material which is nearly fluid. When purified, this 
matter forms erythroleiny .C26H22O4. ,This compound is 
completely liquid at 100^"; its solutions in alcohol and ether 
are of a fine red colour, and it tinges water pink, without how- 
ever dissolving in any very sensible proportion. 

The substance from wjneh the erythrolein has been removed, 
and which is distinguished by its solubility •is enjthrolitminy 
^26^22^12 9 it is.of a bright re^ colour, sparingly soluble 

in water, which it colours red® It dissolvers of a blue cedour in 
potash, and combines with ammonia. • 

The brownish red mass w^ich* resisted the action of alcohol, 
yields its colouring material huf very sparin^y to water also ; 
but it may be dissolved in a large quantity of boiling water, anti 
gives by evaporation a deep blood-red mass, consistiaig of pure 
colouring material, whicli has been nam^d azolitmin,C^^ll^Q^OiQ; 
it differs only from alpli#orcein and bltaorcein in^the pro- 
portion of oJBf gen it contains. ^ 

Another substance occasionally diift rarely present hriitmus 
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spanxolitmin CjgHyOje. It is of a bright red colour^ insoluble 
in alcohol and in ether, aijid very sparingly soluble in water, 
which it tinges bright red. 

The blue liguqrs which are obtained in the first place by 
digesting litmus cakes in water contain 4)ut a small quantity of 
colouring matter, considering their depth of tint. It is gene- 
rally aaolitmin nearly, pure ; with occasionally a small portion 
of spaniolitmin. 

By the^ctction of chloririe upon orcein, chlor orcein is formed, 
CigHioNOgjCl, which po-asc^sses a yellowish brown colour. With 
aWitmin a similar compbund of chlorine is produced, 
CigllujNOiojCl. By the action of nascent hydrogen upon 
orcein, a colourless body is formed, leucorceiuj CjgHjQNOg,!!. 
For all these facts we are- indebted to Dr. Kane (Phil. Trans. 
1840; p. 2y3). . ' ^ 

Cudbear^ in Germj^n persio^ is prepared from the Leconora 
tartarea, Parmelia' omphalodesj and probably other lichens. 
The licfien is steeped aod left for some time in open vessels 
covered by ammonia, till the purple colour is sufficiently de- 
veloped, and then the whole is dried in the open air and reduced 
' to a fine powder. 

Mr. Sclnjhk has lately obtained by extraction with ether from 
the Leconora tartarea and other lichens employed in the manu- 
facture of cudbear a yrhite crystalline substance leconorin^ which 
is dissolved by alkalies and precipitated again unaltered by acids. 
But ^f the alkaline solution is avowed to stand for an hour, no pre- 
cipitate is afterwards obtained, the new substance having resolved 
itself into carbonic acid and orcin. When the solution of the 
new substance in barytes-water is hea^>ed to the boiling point, 
carbonate of barytes precipitates siniT .the solution yields by 
evaporation large crystals of orcin. It is probable therefore 
that* orcin does nof exist ready formed in any lichen, but is 
always the product ofc the action^ of an alkali, a circumstance 
which *has hitherto been overlooked. 

‘ Litmus is much used as a re-agent from its susceptibility to 
the action^dSf acids and alkalies, being reddened by the former 
and having its blue colour restored by the latter. In preparing 
litmus paper an infusito is made of commercial litmus, filtered, 
concentrated by a water bath, and a very smali quantity of 
carbonate of socfa added. Q^ood letter paper cut into slips of 
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three Inches in breadth is dipt into the infusion, allowed to dry 
and the dipping repeated ; or the* infusion may be applied to 
one side only of thfti and silked drawing paper. For red perper, the 
infusion of litmus is Acidulated slightly by means of acetic acid. 
A paper prepared from ^n infusion of Jhe beet cudbear without 
the addition of either alkali or acid ifas a purple colour and is 
affected by both acids and alkalies. ^ ft ts convenient in alkali- 
metry, being already too red to be sensibly affected b^^arbonic 
acid, while it is distinctly retld^rfed by the mineral dcids. The 
colours from the lichens are beluiJiftil* but .fugitive ; they a^e 
chiefly employed by the dyer to give a bloom to more fixed 
colours. 


COLOURING M^TERa OF MAf)DER. 

^ Alizarin^ C37IIj20jq (Itebiquet). — ^This is a crystalline matter 
of a red colour which was extracted Robiquet and 

Colin from the ground roots of rnadfler^ the Jiuhia timtorvm. 
To concentrated sulphuric acid an equal quantity of ground 
madder is added in a gradual manner, so as to prevent 
sensible elevation of temperature ; in two or three days nearly , 
all the constituents of the madder are charred ai#d* destroyed 
except the alizarin. The acid is then washed otJt from the 
black mass, which is dried and digested with portions of cold 
alcohol, to take up a fatty matter it contaihs. The alizarin is 
afterwards dissolved out by boiling alcohol, the latter solution 
mixed with water, tha alcohol Idistilled off, and !he alizarin 
which has precipitated is collected on *a *filter.t It is a red 
powder^ which may be sublimed and is obtained in long flexible 
capillary needles, having orange colour ; but unless the sub- 
liming vessels l^e ver)flow*and flat,* almost th« whote^of*the 
alizarin is decomposed. Alizirin is somewhat soluble in boiling 
water to which it comraunicatesr a rose colour: at it dis- 
solves in 212 parts of alcohol ^nd in ItiO p^rts of ether. It 
has a decided affinity for sonJe animal matters, being soluble \p. 
albumen, and is precipitated in combination with the latter 
when coagulated. Phosphate of lime appears also to combine 
with the colouring matter of madder, *flj)jn the well known fact 

* From alizari -the name applied to madder roots in the Levant. 

t Annales de Chiniie et dc Physique, 4;ome ^4^ p. ^8 j hndJournM de Phar- 
inai'ie, tome 21, p. 392. 
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that the bones of animals rhich have taken for some time 
madder mixed with their food, are tinged red. 

The colouring matter of madder ^has also'been examined by 
Gaultier de Ckubry and Persoz,* by H. Scblomberger,t and by 
Dr. F. Runge4 From ijiieir inquiries it is certain that alizarin 
is not the only or perhaps even the most important colouring 
matter of madder. These different inquirers have extracted 
various<^iqbstances from n^adder, but do not agree in the mode 
of representing its constitution ; as the purity however of these 
s^^bstances was not tested analysis, their definite character is 
necessarily very doubtful. I can only enumerate here the 
different colouring matters extracted from madder by Dr. Range. 
They are (J) Madd<}^ purple^ dissplved out from madder, pre- 
viously welj w^ashed with water between 56 and 70®, by a strong 
boiling solution of alum, and precipitated from the alum solution 
by tlie addition of sdlphuric acid. When ])urified it is a light 
crystalline powder of a beautiful orange-yellow colour. When 
used in excess it imparts to cotton impregnated with the alum 
mordant, a deep reddish brown purple colour ; but if on the 
^contrary the cotton be in excess, the colour is bright red. 

(2) Madder ^ed^ the alizarin of Robiquet and Colin, which ac- 
cording to' Runge zhay be sublimed a second time witliout 
decomposition. It may be separated from madder purple, in 
consequence of its insolubility in a strong solution of alum. 

(3) Madder orange^ which is distinguished and separated from 
the two foVmer, by its little/ solubility in spirits. When in 
excess it imparts to' ahimed cotton a bright orange colour. If 
water be added to a hot solution of it in spirit, small crystals 
separate, as with madder-red and ,piadder-purple under the 
samie ciacumstonces. {4t) Madder yelloia is reiharkable for its 
great solubility in vsater and its little affinity for^^cloth impreg- 
nated with alum. It abounds'^^ln Dutch madder. (5) Madder 

another ppnciple, which. Kke the last has no value as a 
dye stuff. 

The mosUfast and brilliant reds are obtained upon cotton by 
means of fhadder, as also an equally stable and valuable purple ; 

c 

* Ann, def hiin. et de Phys.f t. 48, 72. 

t Bfalletins of the Industrial Society of ^ulliausen. 

I Dr. R.»D, Thoufton*8» Recor(V( of Science, vol. 2, p. 452, and vol. 3, pp 44 
ahd 
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the first are known as Adrianople ^r Turkey reds. The colour- 
ing principles of madder have an affinity for the earth alumina 
and peroxides of iron and tin, like other organic calouring 
matters soluble in ^ter, and form insoluble precipitates with 
these oxides, which are known as lakes, *By impregnating 
cotton cloth with a solution of acetate t)f alumina, or with alum 
of which the acid has been in a great measure neuffalised by an 
alkali, it retains a portion of that earth, (or of either th^ other 
metallic oxides mentioned ifi tjei^tecf with a solutioti of their 
salts), of which it is not deprivfed^Jyy Vashing ; these oxideg 
having an attraction or affinity for the fibre of the cotton/ If 
the cloth so prepared be introduced into a hot solution of any 
organic colouring matter, the jitter is taken up from the solution 
and becomes attached to the cloth* by combining with its alu- 
mina, which thus forms the link that unites the*cloth and 
colouring matter. The alumina is termed the mordant, and 
such is the ordinary method of fixing cofours by mojans of 
mordants. Cotton may be dyed with tftadder by this simple 
])rocess, but the colour is dull. To produce a fine red Jibe* 
cloth must be submitted to a long*preparation occupying some 
weeks, and consisting of a number of operations, effect of 
many of which is very imperfectly understood, but eirery one of 
them nevertheless indispensable for a good result. The chief 
features of this remarkable process, without entering into a 
detail of the routine operations are (I) the impregnation of the 
cloth with an imperfect soap andfiome principles from sheeps’ 
dung. By this treatment, which consists of several operations 
repeated more than once, the cloth acquires an animal odour, 
which it retains Jhrough tl^jest of the operations. It is said that 
when old cottoir cloth that hae been w^rn ab*out the pei^on and 
frequently wasiJjejJ is to be dyed, this procQps may be omitted 
altogether. (2) The cloth is afterwards soaked in an infusion 
of vegetables or of suniach, which* gives it a yellow colour and 
assists also in fixing*the madder afterwards, tliis is the galling^ 
an accessory operation nert confined to madder (Jyeing. (s) 
Alumina is fixed in the oJoth in the manner previously described. 
(4) The cloth is then dy^d by* entering ^it into a boiler with 
ground or chopped maddet while the water is cpld,..,gradually 
raising the temperature, and boiling them togetiier for ,a couple 
of hours. A certain quantity of bullock’s* blood is also £uided 
to the madder bath. The colour tluis TSxed is brownish red 
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and dull, owing to the Madder brown being fixed in the cloth, 
as well as the madder purple and madder red. The object of 
(5) tho> clearing process is to get rifl of the brown which is not 
nearly so fixed as the red. It consists Ut boiling the cloth in 
.alkali and soap 3 .afterwards with soap^and protochloride of tin 
under a pressure of two atmospheres, and finally exposing the 
cloth 6n th^'grass to the sun for a few days. 

If the cloth be prepared and dyed with madder in the same 
manner, with the exception of charging it with an iron instead of 
an aluminous mordant,^ iljcvis dyed of a beautiful and permanent 
purple, instead of red.* 


CARTHAMIN. 

S'' fflower consists of the flowers of Carthamm tinctorius\ it 
contains two colouring* matters, a ytillow, which is of no value, 
and a beautiful but ‘fugitive red used in silk dyeing, which is 
named* carthamin or ^carthamic acid. The yellow matter is 
soluble in water, the red insoluble in water but soluble in alka- 
*fies. They are separated by adding an acid to an alkaline in- 
fusion of safflower, which throws down the carthamin, and 
afterwards ^passing clean cotton yarn through the liquid ; in 
these circilmstances, the yarn takes up the carthamin entirely 
and is then washed with water. The pure carthamin is afterwards 
stript from the cotton by an alkali and the solution is employed 
to dye silk by acidulating with citric acid, and then passing the 
silk*throu^i the liquid in the^usual way by means of a winch. 

The pigment rouge contains precipitated carthamin intimately 
mixed with finely divided talc. 

According to Efoebereiner, carthaunin has aVi acid reaction ; 
it is bift slighfly soluble*' in alcohol or ether. Soda saturated 
with carthkmin is said to crystallize in fine colourless needles 
having a silky lustre, ^and bepbming instantly red when an acid 
is added. 

HEMATOXYLIN. 

This is the colouring matter of logwood, the wood of the 

Hoimatoxylon campeuManum ; it was named Hematin by 

• 

An outline of tl|e proceHs of Turkey red dyeing as practised at Glasgow is 
^ivenjby Dr. Thomson, in his Organic Chemistry, Vegetables, p. 396 . For this 
and otjier dyeing processes, «ee also Leuch's Traits eomplet des Matihes Tmc- 
oriaies\ « 
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M. Chevreul,*^ who first distingifished it. It is sometimes so 
abundant as to exist in the wood large crystals. The rasped 
or chopped wood iy^exhausted by means of water of a tempera- 
ture between 122® 131®, the solution eva^Jiofated to dryness 

by a water 'bath, the ii^sidue lixivia Jed wirii alcohol of 0.8 1 3 
density, and the filtered solution distilled to a syrup, fropi which 
after the addition of a little water the hematoxylin is gradually 
deposited. * 

It crystallizes in reddish yellow scalps, soluble in* 1000 times 
their weight of water, difjisolvirigw^asily in alcohol and §tlitr. 
Acids in small quantity make it yellow, in large quantity red. 
The alkaline bases impart* to a solution of hematoxylin a 
violet, purple or blue colour. Its deco«tion is deprived of 
colour by sulphuretted hydrogen (which has phe sarj^e action on 
litmus,) and by nascent hydrogen ; mhch of the hematoxylin 
probably exists in this state in thgi^wodSAnd acquires colour 
in the course of its application as a ^ye. Cloth impregnated 
with alumina is dyed black in a decoction of logwood, and of 
a fine brown in a mixture of logwood and madder. It en!ers 
into the materials for dyeing hats and broad cloth black ; th(^ 
effect of an acid in staining them red*i^ due to •itS presence. 
By dry distillation hematoxylin yields ammonia, proving that 
it contains nitrogen. 


BREZILIN. 

This name has been applied by Ch^rbul to the colouring 
matter of Brazil wood, which comes to this country from 
Brazil and Pe^jnambucd^^^rid is the wood of •several species of 
Cmalpina, It*is obtained by similar processes with#the ‘pre- 
ceding colouniig, matters. • 

Brezilin crystallizes in orange prisms, soluble in water and 
alcohol. Acids give it a yellow colodV j with citric acid the 
yellow is particularly fine. * When neutralised with alkali it 
becomes again of a fine red, but%ith an excess of alkali violet 
or blue. In the tre5 it is nearly colourless, owing to the jjresence 
of free acid, and its fine* red colour does not appear till all the 
acid which it naturally \;8ntains is saturated. This^ saturation 
is generally effected by sprinkling the ^grbynd wopd with a 

* Ann. de CUim. et de Pliya., t. W, p. 128. 

* 2 V 1 » 
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solution of carbonate of soda, when its colour is said to be 
raised, A very minute quafttity of alkali gives an infusion of 
, Brazil Vfood a violet colour, so that it is^^a delicate test of 
alkalinity. Alurn 'and the acetate of alumfiia throw down from 
it an abundant carmine precipitate, whi^ the liquid retains the 
same colour these compounds form the basis of common red 
ink. I^or some years ^ast brazil-wood has been nearly super- 
seded insthis country by, a wood imported from Africa, and 
named camwood by dyers, which * is richer and gives a 
crlour than any of /the varJfe-^s of frazil wood. It is also not 
so much affected by alkalies, nor so liable to assume a violet 
shade ; and the yellow colouring matter with which it is mixed 
gives the red a rriope lively appe;^.rance (Dr, Thomson.) But 
the colour pf these, and all other red woods has little permanence 
and does not produce faSt colours. ‘ 

' BERBERIN. 

• # 

This is a crystalline substance of a fine yellow colour derived 
byline MM. Bucliner from tjic bark of barbery root, Berberis 
^ vulgaris The root is exhausted by means of boiling water, 
the decoction concentrated to the consistence of a soft extract, 
and this digested repeatedly in alcohol of 0.844, so long as the 
liquid acquires a bitter taste. These tinctures are filtered, a 
considerable portion\)f alcohol distilled off, and the residue left 
in an open vessel to crystallize in a cool place. It forms fine 
prisnis of a clear yejlow coloiiV, without odour, but having an 
intensely bitter taste. It is not fusibU without decomposition. 
It is sparingly soluble in cold watef, largely soluble in hot 
water, soluble in alcohol, forms compounds with 'phases, and pre- 
cipitatesVeadilf all metallic salts. ^ Its composition is expressed 
Berberin answers very well' a dye stuff, 
and gives a fixed yellow on rbtton cloth- without any mordant. 
It forms also a powerful tonic. 

QUERCITRIN. 

The yellow colouring;* matter of qu[/?rcitron bark has lately 
been.examrined by M. Bolley.t It was obtained from a decoc- 

»Ioiirn»rde Pharmaclc, t 17, p.*40 anil t. 21, pp. 309, 408. 
t Li^d^’s Annalcn, xxxvii, JOl. 
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tion of the bark clarified by albumen^ and having its tannin 
precipitated by isinglass, evaporated to an extract and treated 
as usual with str^g alcolioL It requires about 40(rparts of < 
boiling water for solqtion, but dissolves iii i or 5 parts of 
absolute alcohol. It i\ deposited iq#little •cauliflower looking 
masses, which by a magnifying powor of 10 tiiggs ar^ seen to 
be composed of small crystals. • It yiefds by dry distillation a 
toUow liquid ; which soon solidifies as a clear yei!-dtr mass ; 
(^jf^hevreul considered as untijlfered guercitrin. As it restores 
the colour of reddened litmus pwjiSr, and* combines with ^id 
neutralises bases, M. Bolley considers it an acid and names it 
Quercitronic acid. The formula of the crystallized acid, which 
agrees with analysis, is •of the salt of lead 

PbO + CigHgOg. Herrn. Trommsdorff founrh/jo/yc/w-^m^f tm have 
the same composition, and represented it by the same for- 
mula halved.* 


CHAPTER VIIL 

ACIDS. 

SJECTION I. 

ACIDS SUPPOSED TO COl^TAiN CARBONIC OXIDE. 

Carbonic add, and ch*[orocarbonic acid, may be considered as 
combinations (f[ carbonic^ Oxide, as they are,formed by the union 
of that, radical with oxygen^ and chlorine. CaAonic bidde also 
unites with ffotassium, and by tiie deconfpositionbf this.com- 
pound, croconic and rhodizonic a^ids are^produced. Oxalic and 
mellitic acids also appear frqp their composition to contain the 
same radical. 


OXAUC ACID. 

• • •* 

Formula of the hydrated acid, HOjCjOg+SHO. This acid, 
discovered by Scheele in l776,jexist^ in the fdhn of an add salt 

* Liebig\i Annalen» xiv* 205. 

2 P P C 
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of potash, in a great number of plants, particular!}^ in the spe- 
cies of Oxalis and llumex ; Combined with lime it also forms 
, a part of several lichens. Oxalate of lime o/teurs likewise as a 
mineral, humboMit^^ and forms the basis oF% species of urinary 
calculus. This acid is alst) produced by^he oxidation of carbon 
in combination, in a variety of circumstances, being the general 
product of the' oxidatidii of organic substances by nitric acid, 
hypermas^ganate of potash, and by fused potash. Those matters 
which contain oxygen and hydrogen in the proportion of water, 
furnish the largest q?jantityV^- oxalic acid. 

^his acid has been derived in quantity from lichens, but it is 
usually prepared by acting upon 1 part of sugar, or better, starch, 
by 5 parts of nitric acid, of 1.42, diluted with ten parts of water 
at a gentle heat tilj no gas is evolved, and evaporating to crys- 
tallize. Tlie crystals rmfst be drained, and crystallized a second 
time, as they arc apt (u retain a portion of nitric acid. 

It forms long, four-si^ed, oblique prisms, with dihedral sum- 
mits, or terminated by a single face. These crystals contain 
tfifKi atoms of M^ater, one of which is basic, and tlie other two 
constitutional, or water of crystallization. The latter two may 
be expelled a. a temperature above 212% and the protohydrate 
rises at the^'same time in vapour, and condense^ as a woolly 
sublimate. Heated in a retort, the hydrated acid undergoes 
decomposition about*’:!!!”, and is converted into carbonic oxide, 
carbonic acid, and formic acid, withotit leaving any fixed residue. 
NitriJ acid, with he^t, converts oxalic acid into water and car- 
bonic acid. When heated with sulphuric acid, oxalic acid yields 
equal volumes of carbonic oxide and ca^rbonic acid ; being 
equivalent to CO + fJO^, (page 308J. *^0 charrtag, nor evolu- 
tion of,a5iy othifer gas occurs, so that the action of concentrated 
sulphuric adid affords the means of rccognisiitg%xalic acid or 
any oxalate. Crystallized ox^fic acid isrsoluble in 8 parts of 
water, ht 59% in its own weight 'of boiling water, and in 4 parts 
o£ alcohol, at 59”. 

Oxalate^,-^W ith potash, and with ammonia, oxalic acid forms 
neutral oxalates, birioxalates, and quadroxalates. Oxalate of 
potash^ K 0 ,C 203 H- HO,cContains 1 atom of water of crystal* 
lizatien, uliicll it loses a little above 212®; it crystallizes 
generally in prisnis ofisix uuequpl sides, terminated by oblique 
dilu clfal summits ; thes^ crystals are soluble in 3 parts of water, 
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insoiuble in alcohol. Blnoxolale oj" potash;KO,Q.f>s + II 0 ,C 203 
-f 2 HO, is sold under the name of salt of sorrel; it crystallizes 
in oblique, diaphanous rhcjpboidal prisms, which arq soluble in -10 
parts of cold wate^^ parts of hot water, and insoluble in alcohol.' 
Quadroxalate of p^tash^ K 0 ,C 203 + nO,*C 2 t )3 H- 2 (H 0 ,C 203 
-f 2 HO), crystallizes \n oblique ogtohedrbns, of which tw^} 
angles are truncated. This salt appear?^ to be a i^i^mpciind of 1 
atom of binoxalate of potash, \tith 2 atoms of hydrated oxalic 
acid ; the 4 atoms of water of cryfl;tallization, of tWlast men- 
tioned constituent escape wB^rJ ^e. salt is heated to 2 () 2 ®, 
(page 172 ). Oxalate of soda, Jfe the only anhyd^Sus 

alkaline oxalate, and is the least soliibie of the salts of soda. 
There is also a binoxalate * of soda. The oxalates of ammonia 
correspond in number and 3bmpasition with the salts of potash. 
The neutral oxalate of ammonia^ which is fonped by neutralising 
oxalic acid with carbonate of ammonhi,^is much used as a re- 
agent, particularly to separate lime^com magnesia, and generally 
to precipitate lime. It is less soluble <than oxalic acid. When 
distilled in a glass retort, by a heat gradually increased, oxalat e 
of ammonia affords a dirty wdiite sublimate of oxamide, C 2 O 2 
+ NIT 2 (page ' 1 07 )) together with ammonia, carbonic acid, car- 
bonic oxide, and cyanogen. 

Oxalate of Imie^ Ca 0 ,C 203 4-2H0 is thrown down as a bril- 
liant white precipitate, remarkable for jts insolubility. It is 
insoluble in acetic acid, but soluble in nitric and hydrochloric 
acids. It leaves, when heated |o incipient redness by ^ spirit 
lamp, a wdiite residue of carbonate of lime, from which the pro- 
portion of oxalic acid, qr of lime, may be inferred. The oxalates 
of magnesia^ zinCy and mianganesey have the same cojnpt>sition as 
the oxalate of lime.« ’The first rii^ntiontid possesses a .small 
degree of solubility, the others are insoluble. Oxalate of copper 
forms a double salt with oxalatq of ammonia, which corresponds 
in composition with* the b^pox^-late of ammonia. Oxalate of 
barytes is expressed by Ba 0 ,C 203 -l-H 0 ; it^s quite insoluble in 
water. Oxalate of sUver is an insoluble white powder, which is 
anhydrous. (Philt Tijins. 1827, p. 47). 

The double oxalates^ of chroniuMf SiXii, the aluminous class 
have already been desetiWed (pages 566, and 6J 1). 
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RHODIZONIC ACID. 

Formula the acid supposed aKhydrouR! CyOy. Of the 
salt of potash, 3^0 +€70,; of the salt of-'iead SPbO+C^O,, 
(Thaulow). 

This body, which derives its name from the red colour of its 
salts, was firs'- observed’ by L. Gmelin, and repognised as a 
new acid by Heller. Potassium, gently heated in carbonic 
oxide, al»&bs that gas with avidity, fusing of a green tint, and 
spreading over the sides ufs^e vessel ; afterwards the oxicar- 
biiret becomes blaclc and porous. Allowed to cool, it is dis- 
solved with water, when a violent disengagement of combustible 
gases occurs, and a red solution is^formed, containing rhodizo- 
nate of potash. The same oxicarburet of potassium is formed 
in largffe quantity, eS an accidental product in the. preparation of 
potassium from carbonate of potash and charcoal, being found 
as a black mass in the neck 6f the retort, or in the receiver with 

r 

the potassium. The salt from the oxicarburet may be deprived 
excess of caustic potash by alcohol, in which the rhodi- 
zonate of potash is insoluble. 

Rhodizonic acid is a|Dt to undergo decomposition in being 
liberated from its salts, and has not been obtained in a state of 
purity. All its salts are red, and in the dry state have a metallic 
lustre, and reflect green. Its potash salt undergoes a remarkal)le 
decomposition when its solution is heated, being converted into 
free potash, oxalate of potash, ayd croconate of potash : 

i 

3K0+C,07==K0 and KO + CA and KO+CA- 
CROCONIC ACID. 

Formula ofthe'acid supposed.anhydrous, C5O4. 

This qcid derives its name frdm tihe saffron colour of its salts; 
it was discovered by L. Gmelin. The croconate of potash is 
deposited in Ipng yellow and brilliant needles from a solution of 
rhodizonateof ^tash, which has been decomposed by ebullition. 
Tlie acid may be obtained free, by decomposing croconate of 
potash by hydro^uosilicic'acid, and evaporating to dryness. It 
is strongly acid, c^st^lizes of a yellow colour easily, and is 
soluble .in alcohol. 
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Cf'oconate of poiash^ KO,C5i)4 4*2HO, crystallizes ia long 
orange prisms of 6 or 8 sides, having a nitrous taste ; loses its 
2 atoms of water a moderate heat and becomes lemon yellow. 
It is insoluble in ll^hoh in common with all the salts of tins 
acid, except the croconate of ammonia which is soluble in 
alcohol. \ . * 

Croconate of lead^ Pb05C504 4- HO,^ precipitates ia golden 
yellow micaceous plates, when* a hot and dilute solution of 
acetate of lead is added to a;soluJ;ioif of croconate of.f>l)tash con- 
taining acetic acid. 

Hydrated croconic acid has l^Sn consiflered as a hydcagtd, 
H+C5O5, that is, a compound of hydrogen, and a salt-radical; 
a constitution which is aimlogous, being assigned to mellitic 
acid. 

The gas evolved when oxicarburet of potajjsium lis dissolved 
ill water is not pure hydrogen; but contt^ns carbon, and is dis- 
tinguished, according to Mr. E. Dfuy, Trcfm all the^ otlier car- 
burets of hydrogen, by the property iUpossesses of inffaming at 
the ordinary temperature and depositinjr carbon, when mixed 
with an equal volume of chlorine.* 

MELLITIC ACID. 

Formula of the crystallized acid: 11,^404, or HO-fC^O,, 
of the* mellitates dried at 212% M,C404 4-lIO, or M0,C403 
+ HO. ^ . 

This acid was discovered by Klap»oth in a rare mineral, 
mellitej which is the m^llitate of alumina. The free acid is best 
obtained, according to Woehler, by decomposing th% mellitate of 
lead by sulphuretted* hydiogeu ; i! js a u^iite crystalline .pow- 
der, soluble in ^water and alcohol ; from the last^ of which it 
crystallizes by slow evaporutiqn in iieetfles radiating from a 
centre. The dry acid is npt cAtered by a temperature of 5 72*^ 
(300® centig.), nor is it decomposed by boiling nitric or sulphuric 
acid. • . . 

Mellitates.--^l?oij£is\ soda and ammonia form f^^jid besides 
neutral mellitate^. Nitrate of potash forms a remarkable double 
salt with bimellitate <lf •potash, K0,1>f05 + 4(H0,MH“K0,M) 
+ 6HO, desciibed by Wcehler. It is regiarkable that the 
nitrates particularly give rise \o combinations in such proppr* 
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tions. Neutral mellitate of ^mmonia undergoes a remarkable 
decomposition by heat, which has been lately investigated by 
Woehler. Heated for some time between y302® and 320®, it 
' loses ammonia,^ apd is transformed into a/^mle yellow powder, 
which water decomposes into two substances, one of which, 
jiaramidey is white and insoluble, and 4he other a soluble am- 
moniac£d salt, of whi/?h the acid is named euchronic (from 
tvxpoosy of a fine colour). T^he composition of paramide is 
CgHNO^^t appears to be Yormed ^ from 2 atoms of mellitate of 
ammonia, CgHgN20g, lyy ioss of 1 atom of ammonia and 
4Vtoms of water. ' By boiniig with water, particularly under 
pressure at 392® (200® centig.), it is converted into acid mellitate 
of ammonia. 

Euchronic acid, 2H0,Cj2N06-f 2HO, is separated from the 
above^acid ^immoniacal salt by nitric or hydrochloric acid. It 
crystallizes in very ssiall, colourless, rhomboidal prisms, which 
have a strong acid taste, anil dissolve wdth difficulty ; they lose 
2H0 at 392®, It fuses*’and is decomposed above 536®. When 
cpyatallized euchronic acid is heated to 392®, in a glass tube 
hermetically sealed, with a quantity of water insufficient to dis- 
solve it, a complete solution is obtained, in which, however, the 
euchronic a<*id is converted into acid mellitate of ammonia. 
Euchronic acid is distinguished from all other organic com- 
pounds by the way which it comports itself with metallic 
zinc. A slip of zinc dipt in a solution of this acid, immediately 
becoiqes of » magnificent blue /colour at its surface; this colour 
becomes at the boiling point nearly as intense as that of indigo. 
Washed and dried, it forms a black mass which contains no 
zinc. Whea slightly heated^ even upp'a paper, it becomes im- 
mediately^comp^etely white, and is ciianged anew into euchronic 
acid. M.WoeJiler applijes thename euchroneto the blue compound, 
and considers that the action ofi zinc in its formation is a deox- 
idating pne, euchrone hfeing an'" inferior degree of oxidation of 
the radical of euclironic acid, or that radical itself; but from 
w'afit of material this singular and most interesting body was 
not fully investigated. (Ann. de Chim. &c^ 3 ii, 78). 

Mellitaie of Mlver undergoes a particular decomposition at 
356®, losing ^n ^tom of water, and becdniing Ag,C404. 

Meilitate of aluminay native mellite or honeystone is com - 
poised pf AIa03,3C404 H + iIHO, according to Woehler. It 
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crystallizes in regular octohedroys, of a honey-yellow colour ; 
is insoluble in cold water, and deccynposed by boiling water. 

SECTION II. 

MECONIC XciD AND ITS •CONGENERS. 

Meconic acid^ 3HO,Ci4HOu*f6HO, is a tribasic acid, which 
crystallizes with 6 atoms of water of crystallization. It is 
found only in opium, of which kis^e chamcteristic acid; itjs 
named from the poppy. Tit is best obtained by deJOofn- 

posing meconate of potash dissolved in 1 6 to 20 parts of hot 
water witli 2 or 3 parts of pure hydrochloric acid, and crystal- 
lizes on cooling. The solutions iit this process must neither be 
boiled, nor filtered through paper, aa tlie latter ftiay contain 
iron. (Robiquet). It crystallizes in pc^j^ly plates, which are 
soft to the touch, and possess an actd and astringent, t^ste. It 
is sparingly soluble in cold water, but 'vtiVy soluble in hot water ; 
it is equally soluble in alcohol. Salts of the peroxide 
produce a deep red solution with meconic acid, without occa- 
sioning any precipitate. Chloride of niercury do^ pot destroy 
the colour of this solution (Parnell), a property by which me- 
conic acid may be distinguished from the persulphocyanide of 
iron, which is also red, but becomes yellow when chloride of 
mercury or gold is added to it. 

A concentrated solution of ^econic acid becomes yellow, 
when boiled, and then deep brown, and tliere are formed car- 
bonic acid, oxalic acid, •comenic acid, and a dark brown matter. 
Boiling dilute, sulphuri^pcid, or hydrochloric acid, converts it 
with effervescence intd carbonic acid^ind comeipc acid. 

The meconate^ contain all 3 atoms of basCf one of whiclus gene- 
rally water. Meconate^of lead coikains 2 atoms of oxide of lead; it 
is an insoluble white powder, «which is thVown^down fronv a solu- 
tion of opium by acetate or stbacetate of lead. After being washed, 
it is diffused through water and decomposed by a stream of 
sulphuretted hydro*ger^ to liberate the meconic acid, •which may 
then be indicated by a persalt of iroil^^becoming of a wine-red 
colour. * 

Comenic acid^ 2HO,Ci2Ha96'^ a bibasic aq^d, which crystal 
lizes in very hard crusts or crystalline grains, with nothkig 
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more than its basic water. It is formed^ as already stated^ 
on boiling a solution of mpconic acid with a pretty strong 

acid 5 £dso by heating dry meconic acui to 392% when 

carbonic acid is , disengaged till the temperature rises to 
446% when the meconic acid is found to be entirely con- 
verted into comenic acirfj*? In this transformation, the former 
hydrated acid loses 2 qtoms of water and 2 atoms of carbonic 
acid ; :CuH40i4=Ci2H208 and and C2O4. 

ComeS^acid dissolves ih 16 parte of boiling water ; its solu- 
tion decomposes the alhal^ carbonates, and reddens salts of 
poroi^ide of iron. ^At 572% it is decomposed and. resolved into 
water, carbonic acid and pyromeconic acid. Tlie comenates 

contain all two atoms of base, one of which is occasionally 

water. ^ 

PyVomecfinic HjOjCjoHgOg, ,a monobasic acid, which 
presents itself as a calourless sublimate, composed of brilliant 
flattened plates, whin cry«fallized comenic acid is submitted to 
dry distillation : Ci2H40'io==C,^H305 and HO and C2O4. Its 
is styptic, with a bitter after-taste ; it fuses between 
248® and 257” into an oily liqiiid, and sublimes without leaving 
any residue. ^ It is very soluble both in water and alcohoU It 
reduces a solution of 'gold, and communicates a red colour to 
solutions of peroxide of iron. Its salt of lead is a white pre- 
cipitate, of the composition, PbO,CioH305. 

SECTIpN III. 

TANNIC AClb AND BODIES ALLIED TO IT. 

The formula of tannic acid or tannin dried at 212® is 3110 
+ : it is a tribasi^ acid. 

Tannic acid occurs’** in the bark of all the varieties of Quercus 
and many other trees, and in , gall-nuts, from which it is pro- 
cured in greatest purity. It ‘is prepared, rfter Pelouze, in a 
percolator or apjfaratus of displacement^ fig. 95, the lower 
opening of which is closed by a plug of cotton, and the vessel 
entirely filled with broken gall-nuts, wljich* are more suitable 
for the experiment than ^he powder qf gall-nuts. Over the 
gall-nuts as much aqufedus ether is ^pbured as the. vessel will 
contafa, and the, mixture left to digeat for several hours. 
TJ)e liquid is then' permitted* to fun off into the caraffe below, 
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by loAsening the stopper abovenAnd admitting air. It Fig. 95. 
is found to divide into two liquids, of which the 
denser syrupy and vellowisii one, is a very concentrat- 
ed solution of tannic acid in water, and the^ lighter, 
which is coloured green, an ethereal solution of gallic 
acid and other matters. ^ Additions ofi^ther are (nade 
to the gall-nuts, so long as two differery^ liquids J«w 
from the lower orifice. The aqueous ether employed 
is obtained by agitating conynon.ethlfer with water. Jf 
the gall-nuts be moistened with* luter before the 
addition of the ether, the solutibn of tanbin which 
comes off is highly coloured ; but if the gall-nuts be 
merely exposed to steam, and washed in the perco- 
lator with anhydrous ether,* tho procesi succeeds 
equally well as with the jtqueous ethejr. • . • 

By the evaporation of the solution of taiyjfin, a yellow 
light mass is generally obtained, which js purffied by so- 
lution in water, and evaporation in vacucf dver sulphuric acid. It 
then forms a mass colourless or slightly yellow, which is not asys* 
talline but resembles dried gum, and becomes somewhat deeper 
in tint in humid air, but is not otherwjse altered* ,It is dis- 
solved easily by water and in large quantity ; the teste of the 
solution is purely astringent without bitterness, it reddens vege- 
table blues, and decomposes alkaline casbonates with effer- 
vescence. Tannic acid is soluble in aqueous alcohol, but only 
very slightly soluble in ether. Jts solution is affflcted by air, 
particularly at a high temperature, oxygbn* being absorbed and 
an equal volume of carbonic acid evolved, while the tannic acid 
is transformed into galli^nd ellagic acids. Hut the solution of 
tannic acid kebps witRout Change in clos^ vessels. A mode- 
rately strong solution of tannic acid gives w»th sulphuric, ’hydro- 
chloric, phosphoric, ajsenic or boracic acid, a thick white "pre- 
cipitate, which is a compound pf the t^o ajids mixed/ and is 
very soluble in pure* water and in alcohol. When the solution 
of tannic acid is precipitated hot by sulphuric acid, a resinous 
mass is formed, v^icfe dissolves in dilute sulphufic acid at 
the point of ebullition, jf a deep tint, after being boiled for 
some minutes is converted, without any evolution, of gas,,^ into 
gallic acid, which crystallizes pn t^je coq^ng* of the. solution. 




940 


TANNIC ACID AND BODIES ALT.IED TO IT. 


Taiinic acid boiled in an excess caustic alkali, undergoes the 
same transformation. 

Tannic acid precipitates animal igelatine^entirely from solu- 
tion in £hick flocksj which, adhere and form^v viscid elastic mass 
when the acid is in excess ; this precipitate dissolves in the 
supernatant liquid at the< boiling point. It is known as tamo- 
gelatiThy^SLixA. .<^gntains about half its weight of tannin. Tannin 
is also absorbed from solution by the fresh skin of animals, 
which is then tanned or converted ^into leather, and ceases to be 
soluble in water or to be; j^ptre^ipible. Tannic acid also precipi- 
tt^tes a solution of starch a*d of albumen, an.d is capable of 
combining with animal fibrin. 

Tannates . — The neutral tannate of potash or ammonia ap- 
pears as a thick precipitate^ whcii a moderately dilute solution 
of tannic ceid is^ treated with that alkali or its carbonate ; the 
precipitate is very joluble in an excess of alkali. Tannates 
of barytes, strontian, lime, and magnesia are very sparingly 
soluble." Salts of protoxide of iron undergo Do alteration wlien 
mixe d with a solution of tannic acid, but if exposed to air 
become soon of a deep bluish black colour. Tannate of per- 
oxide of iron is a black pulverulent precipitate, FcaOajCigHgOg 
+ 9HO (P^louze), formed on adding persulphate of iron to 
a solution of tannic acid ; it is the basis of writing ink. A good 
black ink is prepared from bruised Aleppo galls 6 ounces, 
copperas (sulphate of iron) 4 ounces, gurn arabio 4 ounces, 
water 6 pinjs. The galls are . boiled in the water, the other 
ingredients then addedt and the whole kept in a wooden or glass 
vessel and occasionally shaken. In two months strain, and 
pour oflF the ink into glass bottles to bd>well corked. To prevent 
mould, add one grain of corrosive sublimate gr three drops of 
creosote\o each pint of ink. (Brande^s Manual, p. 1105). Tartar 
emetic gives a white precipitatg with tannic acid, the tannate of 
antimony^ HOg + SCj^HgOg. TjiLnnic acid forms sparingly 
soluble white preeSpitates with most of the*organic bases. 

GALLIC ACID. 

it V. . 

Formula of the cry9t*dlized acid, 2 jJ 0 ,CjH 03 + H0; of the 
acid dried it 212®^; 2 H 0 ,C,H 03 . Of one gallate of lead drial 
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at 212 ®: H0,Pb0.2C^H03-f HO^ the last atom of water is 
lost at 320 ®. Of another gallate ^ lead : 2Pb0,C^H03. 
acid gallate of ammonia,# the composition is expressed by 
NH40,C7H03 + 2 lT0,CyH03 ; it loses nothing 212 ®. These 
are the only salts of gallic acid of which the composition Is 
certainly known, and they are not**sufficient* to determine 
whether or not gallic acid is bibasic. 

The metamorphosis of tannic acid into gallic acid, under the 
influence of boiling dilute •suljihurlc acid has aljpeady been 
adverted to. The same change dccu;k in an aqueous extract of 
gallnuts exposed to air for several" months. * By the absorptiJii 
of 8 atoms of oxygen, 1 atom of hydrated tannic acid might be 
converted into 2 atoms of hyd/ated gallic acid, 4 atoms of carbonic 
acid, and 2 atoms of water: t)igll80i2 anS 08=20711305 and 
4CO2 and 2 HO. Much allagic acid is^lso fbwned ih the trans- 
formation of the tannin of gallnuts, in^the air. To prepare 
gallic acid, a strong extract of gallnutar in cofd water may be pre- 
cipitated in the cold by sulphuric acid ;^ 1 Ilie thick mass be mixed 
with dilute sulphuric acid, expressed while still liurnid, an^J^ji- 
troduced in this state into a mixtflre of sulphuric acid with two 
parts of water at the boiling temperature. The ligujd is boileef 
for some minutes and then allowed to cJbol ; crystals of gallic 
acid are deposited, which may be purified by crystallizing again 
from water, converting the new product, winch is still coloured, 
by means of acetate of lead into an insoluble gallate of lead, 
which last is washed, then diffused through water,* and d^com< 
posed by a stream of sulphuretted hydit)gCn gas; the sulphuret 
of lead, which is therr formed, assists in carrying down the 
colouring matter. 

Gallic acid drystalli^s on*cooling from a llot tolutio^, in thin, 
silky needles. .It requires *100 parts of ^rold water to ’dissolve 
it, but is soluble iri^ 3 parts of boiling water. It is als 5 very 
soluble in alcohol, and to a extenf in ether. Wlien pure 
it does not preeijAtate a solution of gelatine. The aqueous 
solution of this acid may be kept apart from air wifhout change, 
but with access of oxygen it imdergoes decomposition, a brown 
matter being deposited, nvhile carbonfc ^acid is evolved and the 
surface becomes covered with mouldiness. This docomposition 
is greatly promoted by the presence of a mineral aejd, or of an 
alkali in* the solution. With salts of peroxide of iroa gailic 
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acid assumes a deep blue tint^ flie black precipitate which falls, 
left in contact with gallic acid, ds gradually reduced to the state 
of protpxide, but not when a salt of the fe^osoferric oxide has 
been employed in. its formation. ' 

When crystallised gallic acid is dissolved in concentrated 
sulphuric acid,' and the Solution - heatea, it assumes a crimson 
tint at a temperature Above 284®. If allowed to cool in this 
state, ai^d cold water afterwards added, an abundant precipitate 
is formed ’'.of a reddish bro\yn,,celour and crystalline aspect, 
which appears to be gariifi'^cid that has lost an atom of water, 
itr composition after drying being CyH 204 (Robiquet). It is 
insoluble in water, but dissolves easily in alkalies, and has some 
analogy, according to Robiquet,^ to the colouring matter of 
madder. It is decomposed' by dry distillation, giving small 
cinnabar-red prismatic crystals. ' 

All the galUttes are remarkable for the facility with which 
they absorb oxygen, when in contact with an excess of alkali ; 
carbonic acid is then formed and a brown matter insoluble in 
In a mineral water alkaline from the presence of lime 
or magnesia, an addition of* |;allic acid causes the liquid gra- 
dually to l^eqome turbid from the formation of a black precipi- 
tate, although no iron be present, owing to the decomposition 
of the gallic acid itself. 

Pyrogallic acid, OgHgO^, or CgH^O^ (the equivalent being 
doubtful), is prepared by heating briskly either tannic or gallic 
acid, previously well dried, in a retort by means of a spirit-lamp 
till coloured empyreuriiatic products come over. The pyro- 
gallic acid is obtained as a crystalline sublimate, which may be 
purified by a sedond sublimation at*d gentle beat. It forms 
white plates or needles, fuses at 239®, ‘boils at '410®, and sub- 
limes without alteration. It does' not redden litmus; its taste 
is biiber and slightly astringent, ft dissolves in 2^ parts of 
water at 55*.4 (13® centig.) ; the solution absorbs oxygen and 
deposits a brown powder. It is equally soluble in alcohol and 
ether. When heated briskly above 482® (250® centig.), pyro- 
gallic acid blackens, snd is converted into water and metagallic 
acid. 

Pyrogallate ef lead, a white precipitate formed on adding a 
solution of pyrogaHic, acid fo acetate of lead, is PbO.CeHeOa, 
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according to Berzelius, and also felouze, but Pb0,C8H804 ac- 
cording to the later analysis of R. Campbell. 

Metagallic add, nielangaf, lie acid (Berzelius). The formula 
of the anhydrous aVid is CgHjOj (Pelouze) ; i^s probable atomic 
weight : HOjCuH^Oa.* This body remains as a fixed residue 
in the retort when gallic acid or tannsS acid is heated by an oil 
bath to 482®, till all the volatile products escape; Il» is then 
dissolved in a solution of alkali and precipitated by an acid to 
obtain it in a state of purity, lt.is ft black powder, insoluble in 
water, which forms soluble cor^oupds with alkalies of a deep 
black colour. 

Tannic and gallic acids, although differing so much in com- 
position, afford the same products when decomposed by heat. 
This is explained by supposing taitnic acid a compound of gallic 
and pyrogallic acids. In fiict 3 atoms gf tanhic acic^cont^n the 
elements of 6 atoms of gallic acid, and ,0 atoms of pyrogallic 
acid. 


3 (Ci 8H80,,)=6 (C^HgOg) + 2 (CgH 303 ). 

• 

Ellagic add. — The gallic acid which forms in an infusion of 
gallnuts exposed to air, is always dboompanie^ by a grey 
powder, which being insoluble, may be purified by boiling 
water; it is the acid in question. Ell^ic acid dissolves in 
alkalies and is precipitated by acids. According to Pelouze it 
possesses the same composition as dried gallic acid, Cy^IgOj ; 
between 212® and 248”, it loses an atom of water and becomes 

C,HA- 

Catechu, the brown dried extract of the ndcacia or Mimosa 
catechu contains a large .quantity, of tannic acid ^ differing 
little from the tannic acid ofi gallnuts, which may be extracted 
by cold water. The portion insoluble in cold water, contains 
a particular principle catec^in,»C^^B^^^ (Swanberg).^ Two 
acids are produced when acatechin with dlkalies or alkaline 
carbonates absorbs oxygen from the air, and fornis black sedu- 
tions with the forme^ and red with the latter ; Mjhich have 
been named japonic a^d, HO+CjiH^O^, and Tuhinic add, 
HOjCigHgOg (Swanbeit.) 
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SECTION IV. 


CITfWC ACID AND THE PRODUCTS OF ITS^DECOMPOSITION. 


Formula of citrate of silver, 3 AgO‘-hCi 2 H 50 ii. Of the 
crystals of citric acid /dYmed on the cooling of a solution 
saturated at ^2% 3 H 0 ,Cj 2 H 50 ,j 4-110, which may be named 
hydrate A; this hydrate loses no weight and preserves its 
transpgyrenliy at 212®! It is th^ tj pe upon which most of the 
citrates are formed.^ Ortlt^ci^ stals formed by the spontaneous 
evaporation of a solution saturated in the cold, the formula is 
SHOjCigH^Oii 42HQ ; of which^the two atoms of water of 
crystallization are lo'st at 2 1 2®. 

Citric acid was discovered* by Scheele ; it exists in a consi- 
derable varfety of plants^ but is prociiired only in quantity from 
the orange and lemov and from gooseberries. The acid juice 
of these, fruits is,, neutralised by a known weight of carbonate 
of lime ; the insoluble ‘•citrate of lime washed, and then de- 
o^^posed by a quantity of oil of vitriol equal in weight to the 
carbonate of lime used, diluted wdth 5 parts of water. The 
acid liquid, ij^ separated ^by filtration from the insoluble sulphate 
of lime ; and the citric acid crystallized with a slight excess of 
sulphuric acid present, w'hich is observed to favour the crys- 
tallization, while it is»dmpeded by citrate of lime in solution. 

Citric acid crystallizes in regular rhomboidal prisms, ter- 
minated by four faces, ^s an agreeable acid taste, and is soluble 
in an equal weight of Wter forming a thick syrup. A dilute 
solution of citric acid in water does not keep, but becomes 
covered with mohldiness. When pvre, citric w acid dissolves 
conqileteJiy in alcofiol, without residue,* and does not give a 
precipitate with limorwater. But when a few drops of the acid 
are a^dded to the latter in excess, the ,, clear liquid obtained 
becomes turbid when ‘heated* from the deposition of a white 
basic citrate oflimejSCaOjCigHgOjj -fCaO,HO, which dissolves 
in acids without effervescence. ' Citric acid is commonly dis- 
tinguished^ by that property. Hydrate A of citric acid, 
which contains 4 atopi^ of water fi^^ies at 266®, and loses 
nothing, although hydrate B, whicli contains 5HO, loses 2 HO 
at 212®. .When Jhe ^empengature of 302® is exceeded the acid 
of both hydrates undergoes decomposition. When 1 part of 
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cryst&llized citric acid is gently heated with 4 parts of oil of 
vitriol, a considerable quantity of carbonic oxide is evolved, and 
acetic acid is formed. Wien fused with an excess of liydrate 
of potash, citric aciSl js decomposed into oxaliq and acetic acids ; 

1 atom of citric acid ‘containing the elements of 2 atoms of 
acetic acid, 2 atoms of oxalic acid andtft atoms o6 water. 

Citrates , — The neutral salts of citric ^acid, besides ^ atoms 
of fixed base, carry along with* them the atom of water of 
acid hydrate A ; which water Jhow^vef they either abiyadon at the 
ordinary temperature, like the*iCitra^e* of silver, or at a hi^i 
temperature. In certain subcitrates this afom of water iif re- 
placed by an qtom of metallic oxide, such as lime or oxide of 
lead. The composition of thfese salts has "received considerable 
attention. The following af^ tlie formufee of the most re- 
markable citrates : 

Citrates of potash ; three salts exist cgji taming as base res- 
pectively, 3KO; 2KO + HO; and* KO-+- 2110. Citrates of 

soda: salt^, 3Na0,Ci2H50iiH- llII0«(6erzelius) ; loses 7 HO 
at 212”, and the remaining 4110 between 374” and 392” 
and 200” centig.). Salt U, 2Na0.Ii0,Ci2H50ii. Salt C\ 
Na0,2H0,Ci2H50ii. Citrate of barytes^ 3BaO^C^2H50ij + * 
7H0 (Berzelius) ; loses 6H0 at 302” and* become^ anhydrous 
at 374”. Another citrate of barytes appears to be a compound 
of the preceding salt, with 2BaO.HO,C|2lJ50ii, its empyrical 
formula being 2Ci2H50ii + 5BaOH>8HO. Citrate of limey 
3Ca0,Ci2H50,i+4H0 (Berzelius); it loses 3H0 at 212”, and 
the remaining HO at a higher temperatul*e.* Tlie subcitrate of 
lime lately mentioned Joses HO at 212®. Citrates of lead: 
salt Jy 3Pb0,C,2H50jii(-H0. Salt By 2PhOMOyC,2^hOn 
+2HO. SaltTc, 3PbCf,t:reH50i,+.3Pba §alt 3PbO, 
CjaHjOjj + PbOjHO. Citrate of copper,^ SCaOjCijHsO,! + 
CaO.. Citrate of silver, SAgQjCigHgOn + HO ; loses ‘HO 
between 68® and 7r* Cerate ol antimony and potash, 
SbO3,Ci2H5Oii+3K0,Ci2H^J + 5HO (Thafilow) ; it crys- 
tallizes in prisms of a brilliant whiteness which lose thefr 
whole water of ciyst^ization at 212®. Citrate .of ethyl 
SEOjCiaHgOii. (Liebig’# traite, ii, 4^) 

Aconiiic add, HO + CjHjOj. — Whetf *crystallized^citric^acid 
is heated, it fuses, gives off water, but ui\der^oes no essential 
change till inflammable gases arfe disffngageh, and afterward^s a« 

. 2 « Q 



946 


ORGANIC ACIDS. 


acid liquid which condenses ^in oily striee, with carbonic acid 
gas. These appearances indicate two stages in the distillation, 
and if Ae process bo interrupted ^hen the disengagement of 
water mid inflammable vapour ceases, the^xed residue in tlie 
retort contains no citric acid, but a new acid produced by its 
decomposition^ which prfwres to be the same with the acid from 
the Acmitum^napellua^dXiA Equisetum flumatile^ and which was 
already known under the namfes of aconitic and equisetic acid^ 
This RCid^s soluble in eCher^ which citric acid is not. It is 
also readily converted iatq acQnitic ether, by the action of dry 
liydfochloric acid bpon its solution in alcohol, and is preci- 
pitated by water, while citric acid not being etherified by this 
process remains in fhe liquor. •Aconitic ether is easily de- 
composed by caustifc potashyi and^he acid may be derived from 
the {lotasli salt, • Aconitic acid forms only small confused 
crystals. When brigkly distilled it affords the two following 
isomeric ficids, whifth sublifne (see page 712.) 

Itaconic known also as pyrocitiic acid 

anA citricic acid. It crystallines in rhomboidal tables, is soluble 
in 17 parts of water at 50®, in 10 at 68® 5 soluble also in alcohol 
and ether. 

Citracon\p acid (hydfated), HO + CgH^Og; distinguished also 
as citribic acid by M. Baup. It is obtained anhydrous by dis- 
tillation as an oily Ijmpid liquid, C^HjOg, which distils at 212® 
without decomposition. 

EC TOON V. 

TARTARIC AND PARATARTARIC ACIDS AND THE PRODUCTS OF 
THEIR DECOMPOSITION. 

TARTARIO ACID. 

Formula of the crystallized Wd. 2HO+C»H40.o: a bibasic 
acid. 

* This acid, which in common with so many others was first 
prepared Scheele, exists in many fmits^ and also as tartrate 
of lime in several roots, ^but is prepared only from the juice of 
the ^ape, which contains tartaric aipd in the form of tartar or 
bitartrate df {lotash. The last salt precipitates during the fer- 
mentatioti of wine, owing ^ its insolubility in alcohol ; in the 
crudd, state, it is known as ar^a/, and is highly coloured, when 
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puritfed, as cream of tartar. To procure tartaric acid, cream of 
tartar is dissolved in boiling water* and neutralised with car- 
bonate of lime, whiph throws down one half of the tartaric acid 
as an insoluble taKrate of lime; the 9 ther.half of the acid 
contained in the neutr&l tartrate of potash, ij precipitated by a 
solution of chloride of calcium. The titrate of 4 ime is decom- 
posed by an equivalent quantity of siilphuric «cid, Jnd the 
tartaric acid separated from the insoluble sulphate of lime by 
filtration ; 3 parts of oil of vitriol are usually taken ibr 5 parts 
of cream of tartar. The acijd solatia* is evaporated in leadej^ 
vessels by a gentle heat, during which process some sulphate of 
lime is deposited. A syrupy solution of ^tartaric acid left in a 
warm place yields crystals which are oblique prisms of a rhombic 
base, terminated by dihedrar sulhmits and truncated on the 
longitudinal edges, or hexagonal prisms terminate!! by three 
faces of truncation ; but the two j)aralli 4 faces are generally 
more developed than the others, so £fs to ^ve the crystals the 
appearance of tables. The crystals ai^*persistent in air, of a 
strongly acid and agreeable taste, dissolve in Imparts of^ehl 
water and in less hot water, and ate equally soluble in alcohol 
Tlie aqueous solution of tartaric acid and its saljj^ ^undergoes 
decomposition, and becomes covered with* mouldinass. When 
the crystallized acid is heated, it loses water and produces a series 
of new compounds. -Treated at a high •temperature with a 
strong solution of hydrate of potash, tartaric acid is entirely 
converted into acetate and oxalal^ of potash ; one atjom of crys- 
tallized tartaric acid actually containing fSie* elements of 1 atom 
of hydrated acetic acid and two atoms of hydrated oxalic acid : 

2HOi-Q3H40,oJHO,C,H,0, and a (H0,C203)* 

^ • • 

A solution of tartaric acid does not disturb i^olutfons of 
chloride of barium and chloride of calcium, but produces a \fhite 
precipitate in baiytes and linve-wftter, and in acetate of lead. 
A solution of tartaric add is also used in prmpitating potash 
from its salts, when not very dilute, the bitartra^ of potash 
felling down, upon agit^on, as a granular precipitator which is 
sparingly soluble in Watei, but dissolrss readily in hydrochloric 
add. The addition of tftrtaric acid to inany met^dlif solutions, 
prerehts their predpitation by alkalies. 

Tmtraiea . — According as one or Imth afoms of water ii; ta»- 

*2 « o 2 
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taric acid are replaced by a jmetallic oxide, an acid or neutral 
tartrate is formed, and wher^ the 2 atoms of metallic oxide are 
different a double tartrate. ^ 

Neutral tartrat^ of potashj 2 K0,C8H40^ is anhydrous, and 
soluble in an equal wei^t of cold water. 'Acid tartrate of potash 
(bitartrate), HO.Kb,C8ll|Oio is also anhydrous, soluble in 18 
parts ol? boiling water,<^^afid in 184 parts of water at 68® j it is 
insoluble in alcohol. Purified *tartar, when heated alone, gives 
a carbonaceous mixture {bl&ck^ux\^ and when deflagrated with 
2 parts of nitre, it leaves* white carbonate of potash {white flax) . 
l^artrate of pot ash\nA. soda^ or rochelle salt, K0.Na0,C3H40iQ 
+ 10HO (Schulze), is formed by neutralising acid tartrate of 
potash with carbonate of soda, is Wuble in half its weight of 
cold water and persistent in air. Tt crystallizes with two equiva- 
lents of the tartrate of , potash and ^boracic acid, and forms a 
double salt, which is- anhydrous. Neutral tartrate of ammonia^ 
2NH40,Q8l^40io + ?HO -(Dulk). Acid tartrate of ammonia 
resembles acid tartrate <of potash. A hot solution of this salt 
dissolves a large quantity of arsenious acidy and yields, by 
evaporation, large and transparent crystals of a salt of two bases, 
•NH40 .As03,C8H40j(jj analogous in composition td tartrate of 
potash and^ antimony. * Tartrate of potash and boracic acid^ 
KO.B03,CyIl40io (Duflos), is a white uncrystalline mass, very 
soluble in water, obtained by dissolving a mixture of 47i parts 
of cream of tartar (I atom), and 1.5^ parts of crystallized boracic 
acid atorp), by means of hot water. Heated in a dry condi- 
tion to 482® (250® centig.), this salt loses 2HO, like tartrate of 
antimony and potash, at the expense ,of the elements of the 
acid, the empyricai formula of the salt becoming CgHa03,K0,B03 
(Soubeiran and^Capitaine)^ Tartra4,e/of .potash and peroxide of 
iron a j)harmaceutical preparation ; its composition when 
dried at 212® is KO.VcaO^, €31^4010, (S. and C.). Tuartrate of 
antimmy is a salt, crystallizing ^with difficulty, of which the 
composition is unknown. Thrde double tartrates of antimony 
aftd potash are known: (1) Tartar emetic (page 639,) the 
formula o^wWh, dried at 212®, is K0.Sbp3,C8H40iQ,and heated 
to 392® (200® centig.), ^0.Sb03C8H3d8. (2.) Tartar emetic 

combines with 3 atom# 8f the acid tactfate of potash, and forms 
a cry^tallizable* dquble salt, when the mixture of these two s^ts 
i^ kei)t constantly boiling fn thfe preparation of tartar emetic 
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(Knapp). (3). A salt KO.Sbq3,2CgH40,o4-7HO (Knapp), 
formed by dissolving together 9 parts of tartar emetic, and 4 
parts of crystallized tartaric acid, wliicli is very soluble and crys- 
tallizable. Tartrati^ of antimony and leady PbO.Sb03,CyH^Oio 
(Dumas), the white precipitate which ftPlis on adding a salt of 
lead to a solution of tartar emetic, (^iJd af Heated to 

392% it loses 2 HO, like tartar emetic. . 

Action of heat upon tartaric acid . — Tartaric aci J fuses between 
26G® and 284% and becomes browmat 320^ By the action of 
heat it loses first one fourth, th^*ong |^alf, and finally the whole 
of the water of its hydrate (Fremy), fornfing two new j^piA, 
tlie relation of which to tartaric will be best seen by doubling 
the formula of the latter : 

Anhydrous tartaric acid . . Cj6H^2o 

Tartrelic acid . . . . *CjjHg62o + 2HO 

Tartralic acid . . . . CreHAoaHO 

Crystallized tartaric acid • . .C.,6lIAo+4riO 

When the solutions of the modified acids are boiled, the*y are 
quickly converted into ordinary tartaric acid.* Representing 
anhydrous tartaric acid by C4H2O5, Wq have flieh, for the 
modified acids, the following formulte 

2 (C4H 2O5) + 2 H O . . crystallized tartaric acid. 

3(0411205)4-2110 . . tartralic acid. 

4(C4H205) +2HO . . ^tartrelift aeid. 

The salts of tartralic aand tartrelic acids with alkaline bases 
are not crystaflizabje. • Anhydrous t|irtaric^ acid is produced hy 
keeping the prys^lliJSflMtartaric acid for some time ifi an oil 
bath, at302'’ ^lW^ centi^ ;^it insoluble in cold water. 

Tartaric acid yfelda* the twp foHowing*acida by its destructive 
distillation : 

Liquid pyrotartaric acid, HOjCgHjOg, which forms a mono- 
basic ether and other s§lts. 

Solidjjyrotartraric acM^jHOjCjHgOi (Pelouze), is formed only 
ia. small quantity by tfi# distillation *oT tartaric acid, but in 


• Fremy ; Ana. de Chinf.'et dc*Phys. ft 68, p. 353. 
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larger quantity by the distillation of acid tartrate of potash 
(Weniselos). 


PARATARTARIC (RACEMIC) i^ID. 

' o 

• Liebig assigns to thfs ^cid, dried at 212®, the formula HO 
+ €4112^05, which contains half the number of atoms in tartaric 
acid, and considers the former as a monobasic acid, w^hile tar- 
taric acid is bibasic. By this diflFerence, the isomerism of these 
two acids (page 157) is a^^couiltjpd for. Crystallized paratartaric 
acid contains an aclditional atom of water, and is represented 
by H0,C4H205 + H0. 

Paratartaric acid was discovered^ by Mr. Kestner, of Thaiin, 
and particularly studied by jQhn^by Gay-Lussac and Berzelius. 
It forms 09 double salt of potash and soda, analogous to Ro- 
chelle salt, and is probably on that account monobasic. Para- 
tataric acid is containeb in the cream of tartar of the wines of the 
Vosges, ‘and perhaps ^ther localities, and is se{)arated by neu- 
tralising that salt with carbonate of soda, and crystallizing out 
fhe tartrate of potash and socla. The mother liquor is precipi- 
Jtated by chloride of calcium, and the mixed tartrate and para- 
tartrate of lime deconjposed by sulphuric acid ; on concentrating, 
the paratartaric acid crystallizes before the tartaric, being dqn- 
siderably less soluble. 

^ratartaric acid crystallizes in oblique prisms, of a rhon^*bic 
base, which effloresce in dry m. It is a more powerful 
than ‘tartaric, deconjpqsing nilrate and sulphate of lime and 
chloride of calcium, with precipitation of paratartrate of lime. 
Hence paratartarip acid was first mistal^n for oxalic acid. The 
paratartrate of lira^ so formed, dissWrvQS in hytlrochloric add, 
and is pifecipitated by ammonia. ^ 

Pq^atarttates . — ^These salts are identic^ in domposition with 
the tartrates of the s^e ^ba%e, but only a few of them have 
been examined. «Paratartrate e>f‘/^arf is an insoluble white 
pewder. Paratar^ate of antimony and potash is preparec^ in 
the same way as tartar emetic, and has th^ same composition, 
but differs in crystalline form, being in four-sided prisms, of a 
rhombic base, or in needfcs grouped jtmut a centre. Paratar- 
taric acid has little disposition to form double salts. 

According to tshe observations of Fremy, crystallized para- 
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tartaKc acid loses water when heated^ and gives rise to two 
new and peculiar acids, correspoifding in composition with 
tartralic and tartrelic acicjs. At a still higher temperature, 
it gives rise to a l(^dy which is identical in properties with 
anhydrous tartaric acid. It gives alsd by dry* distillation the 
same two pyrogen acids as tartaric acid^ * 

SECTION VI. 

MALlCJtAClIV • 

Formula of the hydrated acid; 2lI0 + CgH 403 . Malic acid 
is bibasic (Hagen). 

This is the acid of apples, •^ro*i which ‘it derives its name, 
but is of frequent occurrence in other acidulous fruits and®vege- 
table juices, where it is accompanied by cijric and tartaric acids. 
It is generally prepared from the berries of the mountain ash 
{Sorbus acuparia)* The fruit is coll^oted in August, while 
scarcely red and before it is ripe. It Is bruised in an iron 
mortar, the juice expressed, filtered through linen, and treated 
in a bason of copper with a thin milk of lime till the mixture* 
commences to change colour. An exdeas of linlb Occasions a 
deep green coloration, but the liquid ought to have a slight 
acid reaction, and to retain a reddish brown colour. ^When 
now made to boil, a large quantity of a neutral malate of Ume 
precipitates, crystalline and granular, which may Ije taken out 
as it collects, by means of a colander. After this is deposited, 
a new portion of milk jof lime may be added, with the same 
precautions, and a fresh portion of malate o£ lime is obtained. 
This salt is waslied cold, and introduced while still humid into 
a boiling mixture of 1 part of nitric acid and IcT parts of water, 
so as to dissolve it. A concentrated solution deposits on «cool* 
ing a large crop of ccflourlesi^ and regular crystals, of the acid 
malate of lime. Tha addition oT acetate of Iftad to the purified 
acid malate of lime, throws down a curdy white precipitate, 
which contains lime, but on allowing it to digest at g moderate 
heat in an excess of acetate of lead, tlje lime is abandoned^ and 
crystals form in four-sided prismatic fldbdles, grouped about a 
common centre, and possessing a silky lustre, which arer neu- 
tral malate of lead, containing (5 atoftisof i^atef ofcrysfallization. 
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The acid is now obtained by decomposing the malate of lead 
diffused through water, by ^ stream of {sulphuretted hydrogen, 
the sulphuret of lead separated by filtration, and the liquid 
evaporated, first bj tl^e naked fire, and afteicwards by a water- 
bath, to the consistency of a syrup. (Liebig). 

* The hydrate^ acid forif*s granular crusts, of which the crys- 
tallization is confusedu^ and which are deliquescent. Its solu- 
tion is very acid ; it reduces* the salts of gold ; the dry acid 
dissolves q^itirely in alcohol. ^ The crystallized acid fuses at 
266‘o or 2840 (130® or 14(3® centigO? but when kept for, some 
tKne,at that temperature, crystalline plates form in it, and gra- 
dually increase in quantity ; these are fmnaric actd^ which is 
sparingly soluble in cold water. By dry distillation, malic acid 
affords water and afterward® a Volatile and crystallizable acid, 
named makic acid ^>y Pelouze. 

Malates. — Malic aq^d forms both neutral and acid salts with 
the alkaline and magnesian bases, tlie second atom of vrater in 
the acid* salts being watef. The malate of peroxide of iron is 
the only one which dissolves in alcohol.^ 

Maleic add (hydrated), 2HO +0^11203. This acid comes 
lover on the brisk distillation of malic acid. It crystallizes in 
plates or in dblique pws*ms of a rhombic base, is very soluble in 
water, alcohol and ether, its taste is acid and disagreeable. Dis- 
tilled by a sharp heat it is decomposed, and resolved into water 
and a white volatile matter, anhydrous maleic add^ fusible at 
134®.6, and, boiling at 349®. There exist both a neutral and 
acid maleate of silver^ the firs^ containing 2 atoms of oxide of 
silver, and the last, 1 atom of oxide pf silver with 1 atom of 
water as base, so that maleic acid is ceittainly bibasic. 

Fjimaric add^ HO-f a monobasic acid, produced by 

heating malic acid, and also existing in fumitory {Fumaria 
offidnalis), and in Iceland moss^ The same acid is formed when 
the malates of an alkaline base ^re expbsed to a high tempe- 
rature. Fumaric*acid thus appears to be related to malic acid, 
as pyrophosphoric acid is to phosphoric acid ; but Dr. Hagen 
didnotsugc&d in transforming fumaric acid again into malic, 
by boiling a solution of ^e former. Fumaric acid crystallizes 

• 

• Dr. Hagen on Mgiic Acid ; J^emoira of the Chemical Society of Loudon, 

v<i!. i, 28. 
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in fine micsacepus plates, soluble in 200 parts of cold water; it 
is more soluble in hot water and ^Iso in alcoholT It crystal- 
lizes from boiling nitric acid without change. FuTijaric acid 
may be sublimed iirom a spatula, in the cpen.airi without leaving 
any residue, but is decomposed in a great measure when dis- 
tilled in a retort. A volatile ether upas formed Tjy 

Hagen ; and by digesting the latter' aqueous Ammonia, 
fumaramide^ C4H02-f-NH2, which is an amorphous powder, of 
brilliant whiteness, almost, inspluBle in cold waiter and in 
alcohol. 


SECTION VIT. 

KINIC OR* QOlNIC ACID. 

• • 

The formula of neutral kinate of silvgj* is AgO-f ; 

of neutral kinate of lime, CaO-flii4HjjOjj, from .which it is 
inferred that the formula of anhydrous •kinic acid is 
The formula of the crystallized acid is C^HgOg, or Ci45j2Cli2 
—HO + C14H11O11. But the kinates of lead and copper appear 
to belong to another class, of which the acid is bibasic, and ifs 
hydrate 2H0“fC7H404; the formula "of the £inate of lead 
being 2Pb0 + C7H404, and the formula of the basic kinate of 
copper, CuO.HO-f 0^11404 (Woskresensj^y). 

Kinic acid was discovered, in 1790, by Hoffmann. It exists 
as kinate of lime in the bark of all the quinquinas^, and accord- 
ing to Berzelius, accompanies gallic acid in the laburnum of 
many trees. In prep^jring quinine and cinchonine, by boiling 
the bark of quinquina with hydrochloric or smlphuric acid, and 
precipitating the alkcli from the extract by ai^ excesj of dime, 
the kinate of lime remains dissolved, and^is deposited Trom the 
solution evaporated to a syrupy consistence, in the state of 
crystals. The salt is decon^josBd by heating gently for several 
hours a mixture ofifii parts of it, with 1 part of concentrated 
sulphuric acid diluted with 10 parts of water. Tlje supernatant 
liquid is drawn offifregn the precipitated sulphate of lime, alcohol 
added to it so as to throw down the fulphate of lime remaining 
in solution; and finallj^,* the clear solution is ^evaporated by a 
moderate heat to a syrupy consistence, and *left to itselt. The 
kinic acid crystallizes in voruminous crystms derived Jfroim a 
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prism of rhombic base, greatly resembling tartaric acid ; Ithey 
are persistei# in air. (Liebig’/s Traits, ii, 122). 

Kinic acid is soluble in 2 parts of boiling water; it is also 
soluble in alcohol. Qy dry distillation it yields a volatile crys- 
talline add, of which little is known. Kinic and gallic acids 
appear to be rel/ited ; itrd^d gallic acid, which is C^HjOg, may 
be considered as a kinip acid C7H4O4, in which 1 equivalent of 
hydrogen is replaced by 1 equivalent of oxygen (Liebig). 

Kimtes.-rr^l the kinate*’ ai;e soluble in water, with the ex- 
ception of the kinate of dead tvihtaining 2 atoms of oxide of 
lead y alcohol precipitates them from their aqueous solutions. 

KinoUe is a product of the caldnation of a kinate by a gentle 
heat, and of the action of peroxide bf manganese and sulphuric 
acid upon crystallized kinic add.* It is a remarkable neutral 
substance, of a golden yellow colour _ and high lustre, heavier 
than water, fusing an^^ volatilising^ without decomposition at 
212® (Woskresensky)'. 


SECTION VIII. 

t 

VOLATILE ACIDS OF BUTTER. 

Butyric add, HO,C8H6i03 (Chevreul). This is an oily 
limpid liquid, having the odour of rancid butter and a nauseous 
and ethereal taste. Its density is 0.9765 at 77*5 it evaporates 
easily^ in th^ open air, and boils above 212®. By distillation 
butyric add gives butyvone, CgVigO (Kraues), the formula of 
butyric acid being supposed GfHgOj (Loewig). 

Caproic add, HO+CijIIgOj (Chevrgul), is an oily limpid 
liquid, having the odour of sweat apd''a pauseoup taste, with a 
sweetish ^ter-taste of apples. Its density is 0.922 at 7I-% it 
evaposates in open air^ boils above 212®, is soluble in 96 parts of 
water at 44®.6. It is miscible with alcohol,' ether and oils. 

Capric add, H0'+Cj8H,403 (Chevreul), whun liquid, greatly 
resembles caproic acid in physical properties. When agitiUed 
at 52®.7 it i^rms a mass of fine needles, which become entirely 
liquid at 64®.4. It has tlje same odour as. caproic acid, with 
that also of the goat. It is dissolved, by alcohol in all propor- 
tions, and is soluble in 6 parts of water at 68®. 

When butter i^ mdted i^lth water, buttermilk, cheese and 
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other impurities are separated from it, and the pure oil rises to 
the surface. It consists of margarme, oleine, butyrine, caprone, * 
and caprine. The three l|tter are in small quantity, but it is to 
them, that the pe^liar pleasant smell aiyl taste of fresh butter* 
are owing. They are compounds of oxfte of 'glyceryl (page 877) 
with butyric, caproic and capric acidg? * * 

Hircic addy was discovered by Chevreul in thg fat of^the goat ; 
its composition is unknown. * 

Phocenic or delphinic acid^ HO + CjoH^O^ (Chevij^ul) ; another 
volatile acid contained in traiit^oil of seal oil, and in the berries 
of Viburnum opulua* Phocenic acid is a cdlourless liquid jivljtch 
bums like a volatile oil; its taste is nauseous and ethereal, 
its density 0.932 at 82®.4, tts boiling point above 212®; it dis- 
solves in 18 parts of water atr86‘^ • 

All these volatile acids are obtained^in the ^ame way. The fat 
oil which they accompany is saponified bj^an alkali, and Ihe soap 
decomposed by an excess of tartaruj acid,*in which the volatile 
acids are soluble, and may thus be sep jiated from the fat insolu- 
ble acids. The volatile acid is then converted into a salt of barytes 
by adding barytes-water to it, .and thus precipitated. The 
barytic acid is again decomposed byphosphoric or sulphuric acid, 
and the volatile acid thus set at liberty is rectifiefi^By the heat 
of a water-bath ; it is then purified completely from water by 
means of fused chloride of calcium. These volatile acids form 
but a small proportion of the butter an5 oil in which they are 
found. , ^ 

Cevadic acid exists in the fat extracted by ether from the 
seeds of Veratrum sabadilla. It forms by distillation a sublimate 
of white needles of a ^^ilky lustre, fusible at 68® (Pelletier and 
Caventou.) |t is naqieV a^so aabadillic add. 

Veratric add (dried at i 412 ®) HO-f is obtained by 

exhausting the 'seeds of cevadilla by alcohol and sulphuric acid, 
and neutralising the*alcoholic eatract by hydrate of lime ; vera- 
trine and other prjoducts predpitate, but veratric acid remains 
in solution combined with lime, and is obtained by decompodng 
its salt of lime vith hydrochloric acid. Veratnc^acid forms 
short thin quadrangular prisms, coloiyless and having a slightly 
acid taste. Its solubility in cold watbf is small, but it is more 
soluble in hot water, dissolves easily in hot alcohol and dlrystal- 
lizes on cooling:; it is insoluble In etlter. *The crystals Ipse 
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water at 212 ®, and become then of a dull white. They fu!>e at 
a high temperature into a colourless liquid, and sublime without 
residue. Fuming nitric acid and concentrated sulphuric acid 
•have nondestructive action on veratric aci^ (Merck). The 
alkaline veratraies ' are d^ystallizable, and very soluble in water 
and alcohol ; thj srfits ct iftad and silver are insoluble in water, 
but solivble in alcohol. s^Veratric ether ^ EO + C,yHgOy (Dr. 
Will), is a crystalline radiated, very friable mass, of density 
1 14.1, fusing at 107®.6 (42® fentig.), and imperfectly volatile. 

Crotonic dcid^ termed a^sq latrpphic acid, is derived from cro- 
tch ojl, the fat oil of^the seeds of Croton tiglmn^ in the same way 
as the preceding acid. It is solid, very volatile and highly 

poisonous (Pelletier and Caventou).* 

* 

SECTION V. 

1 i 

OILY ACIDS OF BUTTER OF COCOA, BUTTER OF NUTMEGS, AND 

PALM OIL. 

^Coqjinic acid^ termed also Cocostearic acid, IIO + C 27 H 26 O 3 
(Bromeis) is the crystallizable'acid of the butter of the cocoa- 
nut. This butter is obtained by expressing the dry fruit 
between hot^plateS ; it is white and possesses the consistence 
of fat, and is distinguished from other fatty bodies by its great 
solubility in alcohol. , 

The mode of preparing cocinic and all the other oily acids is 
similaj. The butter of cocoa is boiled with a solution of an 
alkali, and thus saponified ; the soap is then decomposed by a 
mineral acid, and the concrete fat acids which appear are ex- 
pressed repeatedly* between folds of Hotting paper, till the 
latter no ^longer absorbs liquid matter. *The expressed solid 
matter ife saponified anew with soda,4he soap dissolved in water, 
and separated by dissolving con\mon salt in the water ; the soap 
thus prepared is again Kiecompose^l by tartaric acid. Finally 
the fat acid thus 'obtained is purified by /crystallizing it re- 
peatedly from alcohol till its point of fusion becomes fixed 
(Liebig). jlJocinic acid is inodorous, of ^ brilliant white, fuses 
at 95®, and forms on coqling an amorphous diaphanous mass, 
like porcelain, is insoliflile in water. may be distilled^ with- 
out change. ^cocinates of alkaline bases considerably re- 
sepible the* soaps of thb other oil^ acids. 
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Stride or Myrislic add^ HO-fC 2 QH 2 g 03 (Playfair). This 
acid is obtained from the solid portion of the butter of nutmegs, 
the fruit of Myristica mo^chata^ in which it is combined with 
glycerine. This s^lid portion dissolves completely in \ parts of 
boiling alcohol, by which it may be eAily Sistinguished from 
other soluble fat bodies, and gives, ojf the doolyig of the liquid, 
the sericate of glyceryl in thin silky needles. 

Sericic acid, which was discovered by^r. Playfair, crystallizes 
in white brilliant plates, of a silky lustre, (henc^ the name, 
sericic acid) ; it fuses betweeii,l*l8®»4* and 120.“2 (48*^ and 49" 
centig.), and on cooling becomes a mass, halving a very di^tiffet 
crystalline structure. It is very soluble in alcohol and ether, 
insoluble in water. It is decomposed by dry distillation, and 
violently attacked by nitric •Rcick Seric(jttes of alkaline bases 
are distinguished from other soaps by crystallizing fiom afeohol ; 
their solutions do not become viscid and^thready by concentra- 
tion, nor are they disturbed by a3dkion of much water 
(Playfair), Sericic ether is an oily, cqj»urless liquid, of density 
0.864. Seridne^ or sericate of glyceryl, contains as base oxide of 
glyceryl minus 2HO, orCgHgOg^its formula being Cugll^igOig 

(^ 25 ^ 27 ^^ 3 )* ^ 

Palmitic acid^ HO-f C22H3j03 (Frediy, Stfenhdtjse). A soap 
of the palm oil of commerce yields when decomposed by an 
acid, a mixture of palmitic and oleic acids; which mixture, dis- 
solved in boiling alcohol, gives crystals of })iilmitic acid on 
cooling. Purified by repeated crystallization from, alcohol, pal- 
mitic acid forms brilliant platls, whiiiih •completely resemble 
those of margaric acid,, and have the same point of fusion, 140"; 
it is insoluble in water. • It dissolves in alkaline carbonates, and 
forms a transparent • emulsion. After being heated to ,572" 
(300" centig.), palmitic acid* does not crystallize from akohol in 
leaflets, but in mammillated masses, whicli, however, have pre- 
cisely the same composition J[Frany). JPalmitic acid distils with 
very little alteration, Chlofine decompoiSes the acid when 
heated, and yields several chlorinated products, which are Itess 
fluid, and acid, but dg not combine with bases witliout losing 
their chlorine. Palmitgjte of glyceryl or palmitmcy when pure is 
crystalline, and of brillfemt whiteness, 'iS very slightly soluble in 
boiling alcohol, but dissolves in boiling ether^ir/airpropdlrtions, 
an^ is deposited, on cooling, irt extftmely^smill crystals. Frgm 
the analysis of Dr. Stenfiouse, palmitine is represented by 
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C35H33O4, whichisanhydrous palmiticacidG32H3i03plusC3H'20; 
the last formula expressing half an equivalent of anhydrous 
oxide of glyceryl, CgH^Og, ^ora whjich 3 HO have been sub- 
tracted.** 

Ethalic acid (page 88fe), termed also cetylic acid, has abso- 
lutely the same pom^osiuon as palmitic acid. 

MARGARIC AND* STEARIC ACIDS. 

Margaric addy or MargoirytiCx'‘a(Ad^ 2H0 + C68H3603=2H0 
+i{(C34H33*f O3) ; In the last formula C34H33 represents a 
radical marg|ryl (Liebig). This acid forms the principal part of 
thestearopten,orsolid portion of hum'anfat and vegetablefixed oils ; 
it is also produced by the dry distillfftion of oxand mutton suet, and 
of stealic aci/1. It is.mosteasilyobtained in a state of purity, byboil- 
ing for some minutes st||aric acid (the matter composing stearine 
candles), with an equal weight of nitric acid, of density 1.273 (32® 
Baum^). ' The mixture is then left to itself, and after expressing 
the product, which has become concrete on cooling, between 
folds of blotting paper, it is« crystallized several limes suc- 
ctessively from alcohol, till its point of fusion remains constant 
at 140® (6b® * cenlftg.)^ * It may also be obtained by adding 
acetate of lead to the solution of a soap of olive oil, or of human 
fat ; on treating the precipitate which falls, by cold or hot ether, 
margarate of lead remains in a state of purity, being insoluble 
in that menstruum. This salt ^ves margaric acid, when heated 
with a dilute mineral acid. (Liebig's Traite). Margaric acid was 
so named by Chevreul from its pearly lustre ; in external as- 
pect it greatly resembles stearic acid, li ut is more fusible, the 
last ^cid fusing between 15^® and 167® (70® and 75® centig). 

M,arguTutes^—\x\. the formation «of salts of margaric acid, 
sometimes both its atoms of^ water, and sometimes only 
one is replaced by another base. Jbe etHer of margaric acid, 
which contains 2 atoms of oxide of^ ethyl (Varrentrapp), is ob- 
tained by saturating with hydrochloric acid gas an alcoholic 
solution of^aigaric acid, and withdrawing the excess of hydro- 
chloric acid by washing product with water. It fuses at 
7i®.6, is decomposed b^ alkalies and thfeir carbonates, and also 
by dry distillation.^ A mixed soap of oleate and margarate of 

* t « 

Rhil. Mag. 3rd series, xviii. 185. 
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potash or soda, such as that of olive oil, when dissolved in about 
eight times its weight of hot water, and the solution afterwards 
diluted by fifty times its bulk of wafer, allows an acid margarate 
of potash or soda to precipitate, which may be purifie!ti from a 
little oleate with w^ich it is contaminat|(I by •repeated crystalli- 
zation from alcohol. This salt contai^ll atom of water, and 4 
atom of potash as base. Both the acid and neutral m^rgarates 
of potash crystallize from an alcoholic solution m plates, which 
have less lustre than the corresponiJiing stearates. Margarine^ 
or the margarate of glyceryl, lids ifot been analysed a state of 
purity. The solid matter which is formed in olive oil when 
cold, is a combination of margarate and oleate of glyceryl, ac- 
cording to Pelouze and Boudet. 

Stearic acid^ hypomargaryiic qpidy 2 HO-f Cg8Hee05==2H0 
-f 2(0341133) + O5. — ^This acid was discovered, by Che^reul^ com- 
bined with oxide of glycdryl in animal and vegetable fats and 
in the bile of many animals. It^may^liie obtained pure by 
crystallizing the stearic acid of commerce from alcoKoi, till its 
point of fusion is between 158° and 167*°. The latter substance, 
which forms the stearine candles, of commerce, is obtainffd b^ 
saponifying tallow with hydrate of lime, to get rid of its oxide 
of glyceryl which being set free dissoivjs in wiftef, and de- 
composing the insoluble soap of lime with dilute* and boiling 
sulphuric acid. The oleic acid is separated from the stearic 
acid by submitting the latter to pressure *between hot metallic 
plates. The cake thus obtained is said to contain not more 
than traces of margaric and ofeic acid^s. , Mixed stearih and 
oleic acids may also be separated by solution in boiling alcohol, 
from which the steari^ acid crystallizes out, and may be 
purified by su^cessive^ crystallizations fronj alcohol. 

Stearic acid crystallizes by cooling in white brilliant needles, 
soft to the toucfh, pulverisable and insoluble in witter. }Vhen 
fused and cast in a mould its sihrface is^ rough from crystalline 
granulation, but if a minutg* quantity of finely pulverised talc 
(French white) be mixed with the melted acid, it then scdi- 
^fies with a perfectly smooth and glossy surface like that of 
wax. Arsenious acicf was improperly used at one time to 
produce the effect descrij^ed in stearil^ candles. Stearic acid 
fuses at I670, and solidifies at 158® (Chevreu!) ; • its density 
when solid is 1.01, in the liquid conditiomO.SiU. It is tasteless 
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and inodorous, fused by heat or dissolved in alcohol it reddens 
litmus ; it dissolves in its own* weight of ether of density 0.72/, 
when heated in air it burns'like wax. Stearic acid is decom- 
posed by* dry distillation, and resol\nBd into margaric acid and 
oxide of margafyl: Nitric acid with he^t decomposes it pro- 
ducing first margaric acfd^^and afterwards suberic and succinic 
acids. I^tearic acid is dissolved entirely by sulphuric acid with 
a gentle heat,* withoutf coloration, and is precipitated on the 
addition of water in the foijfn of white flocks. It may thus be 
separated iS^om sulphate of glyoer;;^!, and in a great measure 
fr€»m oleic acid. c 

'Stearates . — Stearic acid is bibasic and forms two classes of 
salts in which one or both of its basic atoms of w^ater are' re- 
placed by a metallic oxide. ^ Iiix the cold, stearic* acid only 
decon/pose|jthe alkaline carbdnates partially, so as to produce 
a bistearate and bicarbofiate, but with heat it decomposes the 
same carbonates co^if^fletely^ The neutral stearates of alkaline 
bases dissolve without ^Iteration in 10 or 20 parts of hot water, 
but the addition of a large quantity of water causes decompo- 
sition, and an acid stearate precipitates while the liquid becomes 
strongly alkaline; the cooling of a hot solution of a stearate in 
a small quantity of water is attended with the same decomposi- 
tion, and causes the whole mass to assume a gelatinous con- 
sistence. The acid stearate of potash contains HO-fKO as 
base ; obtained by •precipitation of the neutral stearate in 
solution by 1000 parts# of cold water, and crystallized from 
alcohdl it forms white pearly phtes. Boiling water still farther 
decomposes this stearate, 1000 parts of the former producing 
with the latter a turbid and viscid liquid, which becomes liquid 
md transparent at J[67%and deposits pearly plates between 
I38®*.2 aftd 78®.8 (59® to 2b‘® centig.) ; 3 atoms of the acid salt 
ire tl^pn resolved into 1 atom of tfie neutral stearate of potash 
[containing 2KO as base) whigh remains «in solution^ and into 
i bisteaYate of potash (containing KO -hSHO as baste to 2 atoms 
rfrficid), which remains in suspension in the" liquid. Again, by 
:he cooling of the solution of the neutral stearate of potash, a 
portion of Ihe former acid stearate of pdtasli is deposited, and 
half of the alkaline bai^/remains in sorption. The precipitate 
is therefore a mixture of bistearate anSt acid stearate bf potaah. 
If exposed again <^to boiling wa(^r it ends by bedhg cofiVerted 



J)RY DISTILLATION OF MARGARIC AND STEARIC ACIIA. 961 

entirely into bistearate. The soluitions of the stearates of alka- 
line bases are grecipitated by falte of all the other metallic 
oxides 3 insoluble stearates being formed. , 

Steariney or the •acid stearate of oxide of glyceryl is the 
essential part of all kinds of suet; it mai be obtained by fusing 
purified mutton suet by a water bath?* cnssolving it in 8 or 10 
times its volume of ether, allowing the* |olution ^o cool, which 
becomes a thick mass, and washing the expressed solid matter 
with ether. It forms white pear]y.pla\es, fuses at 14^f or 143^6 
(60” or 62” centig.), and on cooHng ^ain forms a solid pulvg- 
risable mass which is not crystalline. It Sissolves in 6 ‘oi^ 7 
parts of boiling alcohol. This stearate in combination with the 
oleate of glyceryl forms the solid portion of the butter of cacao. 
According to the analysis of tiebfg and Pelouze, stearine may 
be represented by CgH 705 .HO,C 6 QHguO . f*HO, orl^y l*atom 
of hypomargarylic acid combined with^d atom of oxide of 
glyceryl and 1 atom of water as bas^s, with* an additior^al atom 
of water of crystallization. * • 

PRODUCTS OF THE DRY DISTILLATION OF MARGARIC AND 
STEARIC ACIDS., 

Stearic acid distilled in a vessel about two thirds filled with 
the acid, yields first a white solid product, jvhich fixes at I56”.2 
(6D” centig.), and is a mixture of margaric acid fusible at 140% 
of a crystalline neutral body m|rgarone fusible at •170”.C^ and 
of a liquid hydrocarbon in small quantit}^ 'The last half of the 
distilled product is generally softer and accompanied with in- 
flammable gasq^s ; and Ijjwards the end the •residue blackens 
and assumes the coumstenee of tar* When ^steariq acid is 
distilled with one, fourth of it^ weight of quigklime, a soft buttery 
mass is obtained, consisting in *a great measure of the liquid 
hydrocarbon and margarone.* TRe products of the distillation 
of margaric acid are similar. • (iCedtenbacher and Varrentrapp.) 

MarffaronCy C33H33O, was discovered by Bussy. Jit is forme’H 
by the dry distiliatioA^pf margaric and stearic acidsi alone or 
mixed with quicklime ; ibmay be freecj^ frpm adhering margaric 
acid by caustic |ey in which margarone is*insoluble, and purified 
by crystallization from alcohoh It is a white very friable 
pearly mass, and becomes electrical by friction. It is volatilise^J 
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completely from a slip of platinum, but whep dUtilled in a 
retort it leaves a residue of^ch^rcoal. It is soluble in 50 parts 
of alcohol of 0.837, and in 6^ parts of absolute alcohol, and 
crystallines upon •the* cooling of these solutions. Margarone 
is also soluble in^ethlr^ concentrated acetic acid, oil of tur- 
pentine and tkj liquid fats. Obtained irom the distillation of 
stearic acid aT.d lime,ftiEie pojnt of fusion of raargarone may 
rise so high as 186®.8 (86® centig.) after repeated crystallization, 
it must beVthen a different substance. From the analyses' of 
n^argarone fusing by *Bussy, Redtenbacher and Var- 

rentfapp, which agree, it follows that margarone is produced 
when margaric acid loses the elements of 1 atom of carbonic 
acid. Margarone is^ also produced in the distillation of stearic 
acid, ^nd it is supposed possible by M. Liebig that the carbonic 
acid may ^ome 'from tJie decompoeition of the margarone. 
2 atoms of hydrated siearicacid, which, indicating C34H33 by R, 
would be R40 jq+ 4{I0, ate resolved into — 

3R + 90 4- 3 HO=Margaric acid, 

R+ O-f- H0=Oxide of raargaryl. 

Two atoms< of oxide* of margaryl (a hypothetical compound) 
would contain the elements of a hydrocarbon CggHgg, of 1 atom 
carbonic acid COg and 1 atom of carbon C. 

The matter fusible at 186.®8, which Bussy named stearone 
may from Ms analysis be represented by 2R + 0. 

• f 

ACID PRODUCTS OF THE ACTION OF NITRIC ACID ON MARGARIC 
AND STFARIC ACJ^S. 

When stearic acid is heated with an equal .volume of fiitric 
Rcid *01^1.284, an abundant lUsengagement of deutoxide afid 
peroxide of nitrogen tbkes plaqe as soon as the mixture boils. 
If the mixture is then allowed to cbol the stearic acid separates 
appareutl]^ u/ialtered, but reidly converted entirely into maigaiic 
acid, while the nitric acid contains nu f^eign sttbstanoe in 
determinable quanrity.^ ^y the proloitged action the boiliilig 
acid on mfrgqrio acid, the latter is^gradnaBy^bnt comj^fedy 
dissolved, .and the more readily if the nitric acid be miewed 
fiiom ^tne to time ; the solution ■ th^ contains suberic acid. 
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succinic acid and an oily substance soluble in nitric acid, 
(Bromeis.) 

Siwimc ccfrf, HO -f CgHPeOg.-^-Brugnatelli first obtained this, 
acid by the action* of. nitric acid upon pork (p^e 759). It is 
prepared by evaporating the solution jjfj stearic or margaric acid 
in nitric acid to one half and allowing it to rest; the^ solution 
in 24 hours becomes a semi-solid mass,lwhich iS thrown into a 
funnel to drain, and washed with ccjjd water. When expressed 
and crystallized several t&n6S**it forms pure suberic acid. 
Suberic acid when humid fuses ‘between 122® and 129®.2 (^0«to 
54® centig.), but when dried in air or in vacuo, between 244®. 4 
and 248® (1 18 to 120® centig,) ; it is distilled without alteration. 
Suberic acid is sparingly solubl^ in cold-water, but dissolves 
in 1.87 parts of boiling water, in 0.87 of boUing alc^jhol, also in 
10 parts of cold and 6 parts of boiling*elher. * Suberate of lime 
distilled with an excess of quick-lyne among other pro- 

ducts a colourless liquid, which boils^ at 374®, and* remains 
liquid at 10.4® ( — 12® centig.), of wliich the composition is 
expressed by CgH^O. 

Succinic acidj HO-fC4H205; and when sublimed HO 
4-2C4H2O3. This acid has long been ^derived fr#m® the distil- 
lation of amber (page 904) and exists according to several 
observers in the resin of some ConifertB. The mother liquor 
which remains after the separation of subefic acid in the process 
described above, contains succinic acid soiled with suberic acid. 
The solution with the washings tf the suberic acid is evaporated 
to crystallization, the product dried and treated with ether in 
the cold, w'hich #sily dissolves suberic acid while it leaves the 
succinic acid behind irua great measure. . The latter may be 
purified completely by* sublimation, * 

The crystals •f succinic acid are colourless and inodorous, 
of density 1.60, have > somewhafl^acrid taste, and sublime with- 
out decomposition. lliis acM may be oLtainsd quite anhydrous 
by several distillatrons, and then condenses as drops in the 
receiver. The hydrated acid dissolves in 2 parts Of boiling and 
5 parts of cold watdr ; it is equally soluble in alcohol*and ether. 
Hydrated succinic acid^bublimes at ^4^; fuses at 356® losing 
one half of its v^ter, and*boils at 455®. This acidris not sen- 
sibly affected by chlorine or ^nitns acid^ added to •potash in 
fusion it gives oxalic acid. Hydrated :^uccinic acid abscij^s t&e 

* 2 K tt 2 
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vapour of anhydrous sulphuric acid, and the cotnpouiid losing 
the elements of one atom oS water forms a new acid, of which 
the salt of lead is expressed by 4 -PbO + C8H2S20^o.' 

Sf«cci»a/e«.— "The cOffstitution of this elites of Salts is still 
doubtful. According lo^ Fehling the acid is really tribasic, 
SHO+CgHaOj'^ the basic salt of lead dried at 4 U 8 ® being 
3PbO +ID8H3O5. In the salt, of silver and other succinates 
only two atoms of metallic oxide are found, the third atom of 
base being Vater. Neutraf subcjnate of ammonia is much used 
t(^separate peroxide of iA>h frolh oxide of manganese and other 
metallic oxides; both the reagent and metallic solution must be 
exempt from free acid, as otherwjse the succinate of iron will 
dissolve in the washyigs. The fgjrmula of succinamide is NH^ 
+ 0 ^^ 202 , of *NH2+C8H304. The last com- 

pound when dissolved rn water assumes 2 HO, and forms fine 
rhomboidal crystals the ^solution of these crystals has no 
action upcm metallic salts,' and therefore does not contain suc- 
cinic acid. 


SECTION II. 

*OLEIC ACio AND ACIDS RELATED TO IT. 

This acid has bees less successfully investigated than stearic 
acid, and is probably a mixture of two different principles as it 
is generally ^obtained. It form| the essential part of the fat oils 
which are not drying, Such as oil of olives and oil of almonds, 
from the last of which it is most advantageouily prepared, and 
is found in less cohsiderable quantity iif^llow, sqlid fats, human 
bile*andpld chpese.* Tho acid detived *from a ‘soap of the fat 
oil of sweet, almonds is mixed with its weight of pulverised 
oxidi of lead, and after the mixture is digested on a water-bath 
for several hours, twice? its bulk of ether is added to it, and the 
whole left to its^ for .24 hours. ‘ There is thus formed mar- 
garate of lefd which is insoluble, with an acid edeate of the 
same base, which is soluble in ethar. The'et^real sdiution is 
then decomposed by ^|nte hydrochloric 4Kad,^^ y^^ sets at 
lil)ert^ the^ olqic acid ; the lai^ cemAng to the surface of the 
mixture thoi ether, and forming an oily limpid atratom. 
TJie ejiher is expelled ty evapor^on, and the oleic acid sapmii-' 
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fied l5y an alkali. The soap is pumfied by dissolving it in water 
and separating it by means of ^oi^mon salt ; these operations 
being several times repeated. At last, when the soap iij colour- 
less, it is dissolved# in water and decomposed bj tartaric acid ; 
the oleic aeid thus liberated is washed mth boiling water, and 
dried by the water-bath (Liebig’s Trails?, n.). It may be prepared 
by the same process from the Uquid ^^oduct obtained in the 
manufacture of stearine candies. The formula for oleic acid 
established by M. Varrentrapp is.p 47 Jl 3904 » 

Oleic acid forms an oil which is cf)k)urless or of a yellowish 
tint, has a very weak odour, an acrid tas\e, reddens litnjis 
strongly, is lighter than water, and becomes a mass composed 
of crystalline needles a few degrees above the freezing point of 
water. It is insoluble in wVter,* but mfxes with alcohol of 
0.822 in all proportions., Sulphuric«acid*c©lours •oleic* acid. 
Nitric aeid with oleic gives suberic acid, ^nong other products, 
but no oxalic acid. Peroxide of nitfogen ol* nitrate of suboxide 
of mercury transforms oleic acid into ei^idic acid. 

Oleates . — Oleic acid decomposes the alkaline carbonate itg 
compounds are soft, have the ap]>earance of soap and dissolve 
better in alcohol than in water. Oleine^ the oleate of oxide of 
glyceryl, forms the greater portion of Jhe fat oils ^ind of most 
of the solid fats found in nature. It is mixed in these with 
margarine or stearine, either of which is deposited in the solid 
state, when the oil is exposed to great cold, the oleine may then 
be separated by expression of tjie solid matter, although /lever 
in a state of purity. According to Peloitee and Boudet there 
are two species of oleine, the liquid portion of such fats as are 
liot drying buj dispose^ to become rancid, •differing from the 
liquid portion of the drying oils, in solubility, jnd particularly 
in the transforipation which it undergoes^ under t^e influence 
of hyponitric acid into elaidine and elaidic acid, white the 
oleine of drying oils* undergoes *no seitsible alteration. in the 
same circumstances. The* neutral oleate of 'potash is deli- 
quescent in a damp atmosphere, dissolves completely in 4 pafts 
of water, forming •a yiscid syrup, and is decompi>sed by a 
greater excess of water and resolved into potash and an 
acid oleate of potash. *The latter smt* is insoluble in water, 
but dissolves easily in hot or cold alcohol. Uleate of «o(/a dis- 
solves in 10 parts of water at 8V.6.* Oleate of lead is soluble in 
ether. 
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Sebacic add^ HO + CigHgOg. Oleic acid from both the dry- 
ing and non -drying oils, from^ tallow and every other source, 
affords among the products of its dry distillation a matter which 
becomes concrete. on«cooling and is sebacie acid, easily recog- 
nised by its solubility in water and its property of giving a 
white precipitate with a 'Salt of lead. This acid is prepared by 
washing with boiling \|faier thp solid and liquid products of the 
distillation of oleic acid or any of the fats which contain oleic 
acid, so lo%g as the solution/gives crystals on cooling. These 
crystals are washed^ with *0610 w^ter, and crystallized repeatedly 
fremr boiling water till they are colourless and free from empyreu- 
matic odour. 

Sebacic acid greatly resembles benzoic acid in appearance, and 
ciy^stallizes in white very light plates 6r needles of a pearly 
lustre ; it i*eddens litmus and has an acid taste, loses nothing 
at 212®, fuses at 260M^ and sublimes at a higher temperature 
without Alteration. It is ‘but sparingly soluble in cold water, 
but dissolves easily in 'boiling water and also in alcohol and 
ether. 

Sebates . — ^The solution of 'sebacic acid throws down white 
precipitates from salts of silver and lead. The sebates of the 
alkaline bases are very soluble. Sebacic ether has been formed 
in the usual way, by transmitting a stream of hydrochloric acid 
gas through an alcoholic solution of sebacic acid. 

Elatdic acidy When a non-drying oil is mixed 

with nitrate* of suboxide of mercury or with peroxide of nitro- 
gen, it gradually becoihes solid. This change is due to the 
transformation of the oleic acid of the oil into elaidic acid, 
which remains in'* combination with qtide of glyceryl, forming 
eldidine pr the olaidate of glyceryl, Which*is solid 'and crystalline 
at' the usuaLtemperature. When flitrate of mercury is used in 
this experiment a portion of tl>e mercury is reduced. To pre- 
pare ela'idic acid, permfide of ^nitrogen produced by the action 
of nitric acid on starch is carried' through" oleic adid freorfrom 
margaric acid, in a vessel surrounded by cold water. The oleic 
acid after a time concretes into a mass ccmpiosed of considerable 
leaflets, which is was|i^ with boiling water, then dissolved in 
an equal bqlk of alcohol and left to cfystallize. Pearly crystals 
in tables ,are ob^inqd, wl:^dh are expressed between folds of 
hbtting paper and crystallized several times from * alcohol 
(Meyer) r Elaidic acid forms thiii leaflets of a silvery lustre. 
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corisiderably resembling benzoic aeid. This add is insoluble in 
Water,' sparingly soluble in ether^ hot highly soluble in alcohol, 
particularly when hot'j the alcoholic solution redden$ litmus 
stronglyV Elaldic nicid appears to distil* without change. It 
decomposes alkaline carbonates and fuims salts which dissolve 
in 6 or 8 parts of water, produciug**a Wnspasent very thick 
emulsion. These salts may be cfystalFiz^d from^lcohob 

Oleic acid, when treated with nitric acid, gives rise to a series 
of acid products, discovered •by Liaufent, many of ujhose results 
have since been confirmed by Bfomefcsf These are, in addition 
to suberic add, azelaic add, HO + CmHg64, an acid isomeric 
with suberic acid, and closely resembling it ; pirnelic acid, HO 
■f CjHjOj, which crystallizes in white hard grains; adijnc acid, 
HO+CgH403 (Laurent), Qr*2HO + C,4H90y (Bromeis): 
acid, when crystallized, HO + CgH304, •when* 8ublim3dC5H304 ; 
azoleic acid, C,3Hj304. •• 

When oleic or elai'dic acid is heated to dryness.in a silver 
capsule with three times its bulk of strefig potash ley, the mass 
being continually stirred till it becomes dry, and heated tjjl the 
potash begins to fuse, the materials swell considerably, and 
much hydrogen gas is evolved. The^yellowishjbrpwn saline 
mass contains a new fat acid, besides mtfch acetic* acid. This 
acid, which is the same from both oleic and elaidic add, crys- 
tallizes when separated in thin needles of brilliant whiteness, 
fusible at 14.'J®.6 (62° centig.). It has been studied by M. Var- 
rentrapp, who represents it by^HO+CggHgoOg; wliich differs 
only from palmitic and ethalic acids byVobtaining an atom less 
of hydrogen. 


ACIDS OF CASTdR OIL. 

Castor oil differs qpnsiderablyfrom the other fixed oill, par- 
ticularly by its solubility in tdcghol. A* soap of this oil, when 
decomposed by a ihineral acid gives a solid and a liquid oily 
add. The first is termed margaritic tmd by Bussy,and Lecanu ; 
it fuses at 266”; th*e second is named ricinic acid. • 

Nitric add gives witjl castor oil £|j ^cid, named manthylic 
acid by Mt. 'filley, froii its relation in oenanthic, acid.^ The 
formula of oenanthylic acid is (Ti^ey). Ac** 
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cording to Bromeis, oenantbyl'c add is identical tritii tlie-asoleic 
acid of Laurent. ,, I 

Caatoy oil solidifies with nitrate of suboxide of mercury, or 
with peroxide pf nitrown, and forms a yellow transparent mass 
like wax. The mass yashed with water '^and dissolved in boil- 
ing alcohol furbishes ^patttdne in confused crystalline grains. 
Alkalies sapoi\ify pal^ihe like elaidine, disengaging glycerin, 
and combining with palmic add. This add, when pore, crys- 
tallizes in r;^^ite silky needles, .grouped about a common centre, 
isfiisihleat 122°, and dissolves with facility in alcohol and ether, 
limine and palmic acid are also formed by the action of 
sulphurous acid gas on castor oil. 

ACl^S FORMED BY THE ACrioN OF SULPHURIC ACID ON THE 

FAT OILS. ' 

When s.ulphuric dcid is added in small proportion to fat oils, 
its action is limited to tthe abstraction of their glycerin, with 
yhich it combines and forms sulphoglyceric acid (page 878), 
while the oily acids are set at liberty. Such is the reaction that 
Occurs when tallow or hog’s lard is mixed with half its weight 
of sulphuric. acid. Bat' when the proportion of sulphunc acid 
is increased, particular compounds of that acid with the oily 
acids are produced, ^hich dissolve in water. The compounds 
thus formed by acting upon olive oil with concentrated sulphuric 
acid Jiave bfen carefully studied by M. Fremy.* 

Oleic add and concentrated sulphuric acid combine directly, 
and form mlpholdc acid, a double acid. Pure margaric add 
dissolves in sulphuric add, but does snot fonq, a stable com- 
pound, for it ii^ separated, by water without having undergone 
any alteration ; but ^hen mixed with a certain quantity of olwc 
acid, both oily adds combine vith sulphuric add, and mlpho- 
margartc acid is formed* with dulpholeic acid. These two com- 
pounds are equalfy formed, together with sulphate of glycerin, 
wKen half a Yolume of concentrated sulphuric add is cautiously 
added by small quantities, to olive oil, qjDiy devation of tempe- 
rature being guarded ag|tinst. If then aaixed with twice its 
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Tolume of* cold water, and left at yest for twenty-four hours, the 
sulpholeic and sulphonjargaric jaci^s being insoluble in dilute 
sulphuric come in the foam or a syrup to the surface of the 
liquor^ while the sulphate of glycerin remains in the strongly* 
acid liquid below. After the mixture ^f sulpholeic and sulpho- 
margaric acids is washed with a liftl^ water,® it is dissolved 
entirely in a large quantity of water. 'The solution has an acid 
and fatty taste, with a bitter after-taste, may be neutralised by 
an alkali without decompositiqn^f^anfi the salt thus formed occa- 
sions in metallic solutions precipitates insoluble in water, and 
slightly soluble in alcohol. 

Left to itself, the mixture of sulpholeic and sulphomargaric 
acid undergoes decomposition ; when the solution , is made^to 
boil, the decomposition is insJantineous. The sulphuric acid then 
separates from the elemo^its of the oleic anS margaiic acids, and 
these last are themselves transformed inl^ new acids; the rnarga- 
rie acid yielding metamargaric acic^and hydromargariiie acid^ the 
oleic acid, metoleic add and hydroleiC add. A compound of 
hydromargaritie and metamargaric acid, which has the prqperti^s 
of a single acid, has been liKm^d^hydrovnargaric add^ hy Fremy. 
These compounds are oily bodies insoluble in water, of which 
those related to margaric acid are sAid, and tlvose related to 
oleic acid liquid at ordinary temperatures. These acids have 
been also examined by Varrentrapp aud by Mr. Miller, but 
their composition is still involved in consid^able uncer- 
tainty. ^ , 

' When metoleic and hydroleic acids Are distilled, they are’ 
decomposed and resolred into two hydrocarbons of the olefiant 
gas type ; ela^m^ a white substance, •boiling at 230®, and 

oUdne^ ^ odourless ethereal liqdid. ^Elaenj combines 

with chlorine* with the elrolution of hydrochlopc acid, and 
forms an oily compound (Fremy). 

ACROI.EINE. 

Oils and fats boil# at a high temperature, givingioff carbonic 
Acid with a little mflam|nablegas,am^ a substance possessed of a 
most pungent odour, ^hich attacks the eyes, most painfully, 
and is named acroleiue* The puje oil^ acids do n 9 t yield this 
substance, but only their compoundjs with oxide of glycqryl, 
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proving that the acroleine comes from the glycerin. It is, in- 
deed, produced in large quantify by the distillation of pure 
glycerin.^ Hence the occurrence ofoacroteine among the pro- 
' ducts of the distillation of a fat or oil is a sure and delicate test 
of the presence of glycerin in the oil. 

Acroleine is u«iknown^in«n state of purity. It absorbs oxygen 
mth gree^ rapidity fronythe airland becomes acid. Its solution 
is decomposed even in close vessels, and yields a tasteless, in- 
odorous, and very indifferefit jrhita solid, not resembling fat, 
and insoluble in all menstrua yet» tried. No compound of acro- 
leine has been formed from which it can again be obtained* 
(Liebig). 


^HAFl'ER IX. 

a. 

VE&ETO-ALKALIES. 

^ In the class of organic bases'are included a number of bodies 
containing nitrogen, whiph have the properties of the basic or 
metallic oxidGs, and form salts with acids. These salts perfectly 
resemble salts of metellic oxides ; the acids which- they contaiti 
continue to be affected by the usual reagents, sulphate of mor- 
phine and sulphate of soda being equally precipitated by chloride 
of barium, afld the organic hasps themselves are liberated by 
stronger bases. Oxide of ethyl and oxide of metfayl are like- 
wise bases, but in salts of these, acids hsfVe their properties dis- 
guised, and can no' longer be transferreil' to other- bases such as 
the ihetr^ib oxides, by double deconiposifion ; th*e compounds 
of the last mentioned* bases with acids diverge therefore widely 
in their prbperties from comiqon salts, '{lie Jiresent <i(us of 
organic basis are primnp^lydeiivedffrom plants, and are-known 
as t^e vegeto-alkfdies. Tbe .solutions in wstdi* of such -INiai 
as are soluble 'in that liquid, and their solutions in albo^ol 
restore thelilue Colour of reddened render yelloU^ 

turmeric paper brown ; ^h^y are theref^ 'tmequivbcally -alka- 
line. The following organic bases appear to be allied to the 
class of vegoto-alkalles, fhimejine, ipel8mine,anilineor'Ctystailine, 
uroi, with certain bases frill problematical which Unverdcurben 
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derived from volatile animal oil (oil of Dippel), namely odorine, 
ammoline and animine, I , 

The investigation of this class of bodies was commenced by 
Derosne,^wlio in 1803 observed narcotise, and by Sertueriier, 
who, in 1817> recoghised in morphine from opium the first 
vegetable base. These chemists wew5 fbllowedtby others, par- 
ticularly Kobiquet and MM. Pelletier And Caveqjbqu, wioin cin- 
chona bark, nux vomica, and other ^getable matters found 
organic bases, in which the m^diSinal virtues o^ the plants 
resided. The analogy of these bases to metallic oxides and 
their valuable applications in medicine have* rendered the daij? a 
favourite study with both chemists and pharmacians. The 
method generally pursued in the preparation of such of these 
bases as, like morphine, are insollible in water, consists in treat- 
ing the vegetable substance containing tlie*base vHth a dilute 
acid which forms a soluble salt with t]ie base. This solution 
is concentrated by evaporation, an(f slightly supersaturated with 
a soluble alkali, ammonia, hydrate of»ltme, magnesia or carbo- 
nate of soda, by which the vegetable base is precipitat<^d 
coloured and in an impure condition. To free it from foreign 
matters, the base or a salt of it is crystallized from alcohol, dr 
if neither the base nor its salt is not mtTch more ^luble in hot 
than in cold alcohol, and therefore does not crystallize well from 
that liquid, the salt is rendered white by*treatment with animal 
charcoal and repeated crystallization, and the pure base finally 
precipitated by means of carbojiate of soda. • , 

The extraction of bases which are soluble in water and vola- * 
tile such as conicine, ie more diflScult. The leaves, flowers, root, 
or seeds whicb contain^e volatile base are Submitted to distil- 
lation with aVeak sotutioif of caustic alkali. ,The wg^ter which 
distils over is found to be •saturated with the organic Base, and 
generally contains besides a quantity of ammonia rdlsulting 
from the decomposition of •a portion df the former. The dis- 
tifled water is ^lly neutralised with difute sulphuric acid, 
mixed in a concentrated state with caustic alkali„and the w&ole 
digested in a closd vessel with ether, which last solvsnt takes up 
the liberated vegetable base and th| ammonia. The ethereal 
solution being then distilled by the heat of u waterbath, the 
ether and ammonia escape, and the vegetable base is left pure 
in the retort 
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Ammonia i» a teie type of the oi^anic bases in ^neral con- 
taining nitrogen; Morphing, ^inine, and other smembers of 
the diass janite directly with hyarocbloric acid, a& ammonia does, 
•■without the separation of water. An atom of water likewise 
enters into the composition of all their salts containing an 
oxygen acid, as*in the" cferesponding salts of ammonia. This 
will appear on.comparmg together the following formnte, in 
which morphine CajIi^oNOg appears exactly equivalent to 
ammonia : 

Hydrochlorate of ammonia, NH3 +HC 1 . 

Hydrochlorate of morphine, CagHjo^Og + HCl. 

C 

Sulphate of ammonia H- HO, 803 

Sulphate x)l morphine C35 «qoN06 + 1IO,S03 

t'O ^ ^ 

Urea ev^n does no'u form* l»n exception to this rule, but com- 
bines directly with hydrochloric acid, according to the ohserva- 
tipn of Hagen. The hydrochlorates of tlie vegetable bases also 
resemble sal ammoniac in fonning a crystaUizable double suit 
u^ith one atom of bichloride of platinum, and with two atoms 
of chloride 'of mercury, the last corresponding with sal alero- 
broth. This similarity in properties favours the idea that these 
bases may have a constitution analogous to that of ammonia 
or be amides of an unknown radical, as ammonia is the amide 
of %(^ogen» The amides derived from most acids are neutrd 
substances, it is true, such as oxamide, NHj-l-CaOj, suednamide 
NHj+CgHjOj, fumaramide, NH3 + C4.HO2 and benzamide 
NHj + Cj4Hj 03. Urea, however, whic^ contains^ two atoms of 
amidogen^ as it ]s represented by Dumas, BNHj+CjOj has a 
basic cbdracter ; and {nelamine is st>*ongly basic,, which may be 
represented as Cyj-l-SNHj, as cyanuric acid isCyjj+Oj (Iiiebig). 
But althpugh this view sf the d>n8(itution ‘of vegeto-all^ies is 
not improbable it diust be admitlechthat th& radicals are 

tlm% supposed to be in combination with amidogeti, in the 
vegetable bases,- have not been transfexjed •from that to any 
other radical, much less isolated. • „ 

Chlorine transmitted *^tbrough watef containing a y%etable 
base in suspension quickly produces hydrochloric add^ r and 
forjns ahydrochlmrate of the t>ase, which is soluble in the water. 
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This saltis decomposed by the continued application of chlorine, 
generally with a change of coloi|r in the liquid to yellow or red, 
and the formation of a piecipifete. The precipitate from the 
salts of strychnine* has been found to contain bqth chlorine and 
nitrogen* Quinine and cinchonine salts become with chlorine 
yellow, rose-red, and then violet-red, 1?h!!e a*red» resinous matter 
precipitates, which in the air ^ecomba brown^ hard,*and pul- 
verisable. But the nature of the chants which chlorine pro- 
duces upon these bases renaain»,st3l J;o be investigated. The 
action of iodine is more definite. • According to Pelletier, 2 
parts of strychnine and 1 part of iodine ^dissolved in boiiTng 
alcohol, give a precipitate on cooling, of yellow crystalline 
spangles, resembling mosaic ^old, and hydriodate of strychnine 
crystallizes out from the liquor v^en concentrated by evapora- 
tion. The precipitate appears to contain equivaleAt of iodine. 
The precipitate produced in brucine, l^ated with tincture of 
iodine in the same way is yellow ; qtiinine*and cinchonine give 
saffron plates by evaporation of the ‘liquid. The vegetable 
alkalies are recovered unaltered from these precipitates, when 
they are treated with a dilute acid, iodine being then liberated 
or by the action of a solution of caustic potasl^ or soda, ancl 
then iodide of potassium or sodium is*producedat the same 
time. Tlie substance thrown down by the action of iodine upon 
moiqihine is of a brown colour and differs iu nature from the other 
products as morphine can in no way be revived from it. The 
hydrogen of the hydriodic aci^ formed with the other ^kalies 
appears to come from the water, but to •be derived in the last 
case from the decomposition of the vegetable base itself. 

Little is kqown of ^e action of acids ttpon the vegetable 
bases, with tike exception •of some* obsefvatiqps of^hange of 
colour which b^ve -been made. Thus brucine *^ith *a slight 
excess of "nitric acid becomes* blood-red, while the coiour of 
pure strychnine is not changed 1>y the* same tre^ment, so that 
the presence of brocine iif atrycWne can this way be de- 
tectedi Nitric and iodic acids colour morphing, and its salts 
rose-redi Other basqp, such as urea and melamine are decom- 
posed by the stronger acids; ure^ being converted by the 
action of concentrated *8tflphuric acid ii^o carbonic acid and am- 
moniaV by the assumption of two atoms of water and melar 
mine into cyanuric acid and ammonia* by the assurngtioi^ of 
three atoms of water. ThetJbine also^ ex^sedto dry hydrochloric 
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acid gas^ is resolved into sal ammoniac und a resinous substance 
having acid properties (Kape)|; but the other vegetable bases 
are not found to undergo similar decompositions when exposed 
^ to acids. 

# 

Curious relations in compositioii exist between some of the 
vegetable bases <t thus ^iiiehonine and quinine appear only to 
differ from eaqh othen in the latter containing an atom of 

oxygen more than the former : 

€ 

CincLnine . . C^oHuNO 

« Quinine . ^ CjoHi^NOa 

Another base, aricine^ of which the composition is less cer- 
tainly determined belongs properly to the same group, contain- 
ing anraton^, more of oxy^n than quinine, that is, C.^H.,N03 
(Pelletier). These three bases are found together in the 
quinquinas. , <i 

Codeine'and morphiqe, which are found togetl>er in opium, 
appear to have a similar relation in composition to each other i 

Codeine. . . . C35H30NO5, 

.-Morphine, . . . CssHjqNOj. 

Narcotine from opium and chelidonine, a base likewise from 
' the' family of Papavergxea, appear -to be related : 


«Chelidonine ^ C«,H2oNjOe (WiU.), 

Narcotine. •. «. . . C^oHaoN (Liebig.) 

The chelidonine .contains 2 atoms of nitrogen more than the 
narcotine, while the latter contains p aioms of oxygen idstead 
of this nitrogen's being equiyalent quantities!, it will be 
remen^ered ‘of the elements in question. Ojr, by adding 2 
atoms of ammonia to .jiarcotioe ^and subtracting therefrom 
6 atoms of ^ters- chelidonine 'would be produced (U^ig). 
Attempts, however, which have been made to convert ohe of 
these bases^irfto the other have not been successfuL But the 
composition assigned abovp to narcotine„is by. no means oertun. 
The formula for the sam^ base deduced by M. Regnault ftom 
his analysis* is* C^HjaNOu ; and that dedudble from the 
atomic wei^t of its double kalt with bichloride of n la ti o"?" is 
C 4 sH 24 ^ 0 „ (Liebig.) 
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Accdl-ding to iibe fomtiliB which M. Liebig is inclined to 
adopt for Jhe two bases strychnipe and brucine, which also 
occur together, the latter oontaifis 2 atoms of water and 1 atom 
of oxygen more than the former : 

Strychnine 

Brucine. ... •• • * (Lfebig.) 

To the same bases M. Kegfmhlt ^assigns formulfe which are 
somewhat different, but which are equally compatible with 
the atomic weights of these alkalies as observed in*tBeir 
bichloride of platinum compounds : 


Strychnine. • .. . . 

Brucine. . . « « • (Regnault.) 


These formulm indicate the same difference of composition 
between strychnine and brucine, as do the preceding fqfmulje 
for the same compounds. The tx)mposition of thebaine from 
opium, according to the analysis of Dr. Kane is expressed b^ 
C25H14NO3. The composition of jervme, a ba^ discovered 
by M. Simon in the root of Veratrum alburn^ and carefully 
analysed by Dr. Will is C^H45N205. , 

Several other organic bases have been analysed, but those of 
which the composition has been already stated ara perh^s the 
only ones, for which we have Ata to oon^truct formulae of any 
considerable degree of probability. The numerical results of 
the best, analyses whicl^have been made of the remaining bases 
are given by M. LieUg, as follows 



ARICINE. 

ATaOPlNB. 

CONIC! NC. 

CORYDALINE* 


'Pefl^Uer, 

LiiAig. 

Liebig. 

Fr. Ddbereiner 

Cttrhpt* 

: 71.0 

fO.98 

68.91 

‘ 63.05 

Hydrogen. 

• 7.0 

7.83 

12.00 

6.8& 

Nitrogen. . 

. , 8.0 

4.83 

12.81 

4.32 

Oxygen. 

. 14.6, 

16.36 

8.28 

25.80 


100.0 * 

:i6o.oo 

loo.oa 

10P.00 


HandwOrterbuch dev R^nen und Arigeif^andten Chitnie, b. i, 709* 
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DELPHININE. EMETINE. 

NARCEINE. 


Cou€rbe. 

I Pel|3tier. 

Pelletiep. 

^ Coui^rbe, 

Carbon. ^ • . 

76.69 

64.57 

54.73 

57.02 

Hydrogen . . 

8.89 

7-17 

6.52 

6.64 

Nitrogen. 

5.93 

4.30 

4.33 

4.76 

Oxygen. 

7^9 < 

22.96 

34.42 

Sl.58 


100.00 1 

106.00 

100.00 

100.00 


c 

PSEUDOMORC'HINEi 

SABADILLINE. 

SOLANINE. 



PeRetier. 

Coufrbe. 

Blanchet. 

Ca%Qn. . . 

. . . 

52.74 

64.18 

62.11 

Hydrogen. . 

• • • 

5.81 

6.88 

8.92 

Nitrogen. 

• • ♦ 

4.08 * 

7.95 

1.64 

Oxygen. . . 

a /• 

t 

• • « 

37.3r •• 

20.99 

27.33 


100.00 

100.00 

100.00 


VERATRINE. 



MENISPBRMINE. 

STAPH I.SA INK. 


Cou(:rbe. 

i>am{ui and Pellet, 

Pellet and Coul-rbe. 

CouiTbe. 

OarboK. . . 

71.48 

66.75 

71.89 

53.57 

Hydrogen. . 

7.67 

8.54 

8.01 

8.71 

Nitrogen. , . 

5.13 

5.04 

9.57 

5.78 

Oxygen. . 

16.42 

19.60 

10.53 

11.94 


lOO.OQ 

100.00 

100.00 

100.00 


( MORPHIA AND THE OTHER BASES IN OPIUM. 

‘ < 

When incisions are made in the heads of the white poppy? 
{Papaver sotnm/erufn) a milky juice cxudss, which is allowed to 
dry by evjporatipn oil the plant, then scraped olF and collected, 
it forms ‘opiupi. Thi^ drug has been minutely , examined, and 
several vegetable bases derived from it. Its narcotic and 
anodyne, properties are tjhiefly*due, to morphine^ which is also 
the base that opium contains in largest proportion. 

Morphine of morphtUy CjjHjoNOg. — Much soluble matter is 
extracted 6'om opium when treated repeatedly in a divided 
state with water. Most gf the narcotme, however remains in 
the residuum, from wBich it may be' extracted by dilute 
hydrochloric acid, , or by boiling alcohol or ether. If the 
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aqueofl|| solution be greatly concentrated by evaporation, and 
mixed with a strictly neutral solution of chloride of calcium, 
a brown impure precipitate of mjcohate of lime is thrown down, 
while the bases are converted into hydrochlorates. The liquid ^ 
being filtered may* be made distinctly rfcid with hydrochloric 
acid, then digested, in order to discglo^jr it| with pure animal 
charcoal previously deprived of all phosphate^of lim^, by an 
acid, filtered again and evaporated for crj^tallizatTon. A radiated 
crystalline mass is deposited w^hich p onsists of hydrochlorate of 
morphine in combination w!th*h^drochtorate of codeine. This 
mass may be drained and expressed, than dissolved in hat 
water, and precipitated by ammonia, which throws down fhe 
morphine, while the codeine remains in solution. By farther 
concentration of the liquid an •additional quantity of morphine 
is deposited ; when afterwards an excess of caustjf pot«sli is 
added to the liquid, what 'remains of Ihe iriorj^hine is retained 
in solution, and the codeine precipitated.** ^’’liebaine, narcotiue, 
&c., remain in the former brown mother-liquor, which* afforded 
f;^he crystallized double salt of hydrocfilorate of morphine and 
codeine. . 

Morphine may be prepared, without reference to the other 
bases in opium, by various processesfo/ whiclMhe following 
appears to be the best. Th^ opium is macerated tlirfce in succes- 
sion, each time with three parts of cold water, and the mass after 
each digestion strongly expressed. The liqhids are united, raised 
to the boiling point, and mixed with an equal bulk of milk of 
lime, the latter containing a quafctity of Jiydrate of lime ecfUal to 
about one fourth of the weight of the dry opium employed. 
After boiling for a few pinutes the mixture ij strained through 
linen ; all the ^^arcotige,^meconic acid, &c., remain in the lime 
precipitate, while all the moigphine is*contained*ln the?* solution 
in combination frith lime. This solution i^ greatly Concentrated 
by evaporation, them filtered, Heated tq the boiling point and 
ponndcd sal ammoqiac is thjbwwi into it, in about the prdportion 
of 1 ounce of sal ammoniac to 1 pound of opium. The caustic 
lime is thus cqpve/ted into chloride of calcium, the morphine 
loses its solvent, and is precipitated ii^ small crystalline needles. 
Opium yields upon an* (|veiBge a sixteenth iiroifrVif of 

morphine. (Mohr.) 

Morphine as precipitated by ammonia*forms a white pulve- 

2 s.s 
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rulent mass, but when crystallized from alcohol it assuir es the 
form of small colourless brilliant prisms. It requires 1000 times 
its weight of water to dissolve- it, but tastes sensibly bitter, 
.and has •an alkaline action. Morphine is scarcely soluble in 
ether, but diss6lves in 40 times its weight of cold and in 
SO times its weight!: o^ bpiling alcohol ; it is very soluble in 
caustic alkali. It is fusible by heat, with the loss of water of 
crystallization, and on s/^lidifyiilg again forms a crystalline mass. 
Morphine and its salts strike a deep blue colour with the solu- 
tion of a pcfrsalt of iron ^lyade nearly neutral as possible ; 
thiiy likewise decompose iodic acid and liberate iodine, which 
may then be detected by solution of starch. 

Hydrochlorate of morphine crystallizes in needles or feathery 
crystals, which requine from. 15 to GO times their weight of cold 
water eto dissolve them, but dissolve in less than their own 
weight of boiling water. This, which is perhaps the most 
valuable of the salt' of mprphine for medical use, is prepared 
directly fl’dra opium.* iSulphate of morphine is highly soluble, 
and crystallizes like the hydrochlorate. Bisulphate of morphine . 
has been formed. Acetate of morphine crystallizes with difficulty 
and is apt to lose a portion of its acid even when kept in 
crystals; iV fe much, employed jn medicine. Bimecomte of 
morphine is a crystallizable salt, in ^hich one of the three atoms 
of water of raeconic acid, is replaced by morphine ; this salt also 
is prepared for medical use j morphine is supposed to exist in 
opium in conabination with meconic acid. The latter acid can 
easily*be detected by i^-agenttf (page 937) ; and being found 
in no other vegetable matter but opium, meconic acid is the 
substance looked .for in testing for opium, of which it is an 
infallible index. 

2. NarchtinCy C4QH24NO15, the first;crystalUne substance derived 
from opium,* is remarkable for its solubility in ether, by means 
of which it may be dissolved out of opiutn. It forms colour- 
less brilliant prisms, is tasteless; insoluble ip water and caustic 
alkali, soluble in alcohol. Its solution has no alkaline reaction, 
but narcotind dissolves in acids; its salts do.not crystallize. 

3, Codeine^ CggHg^NO^, is remarkable for its solubility in 
water, being soluble in^lJout 2 parts i.of boiling water, also in 

* By the .process iAvented by J)r. Robertson and improved by 0r, W, Gre- 
fre^ry ; Edinburgh Medical and Surgical Journal, Nos. 107 and 111, nlao Jour, de 
Ehar., xw. 15(;. 
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alcohol^and ether* It has a weik taste, alkaline reaction, and 
fuses by the heat of boiling waty. 

4* Thebaine or pai'aniorjjhin 4 d, 3 H,,N 03 . is crvstaliizable. 
has an alkaline reaction and sharp taste. 

5. Narceine^ a weak base which exists in o*pium in a very 
small proportion. Two other hdLse.9y^*p^udi9mo'g7/iin(^ and jmr- 
phyroocme have been discovered in oertain species of opium. 
Opium also contains a neutral* substa\ce meconine in minute 
quantity, of which the elements are carbon, oxygen and hydrogen 
only. 

QUININE AND CINCHONINI. 

Peruvian bark owes its febrifuge qualities to these l)ases, 
which it contains in combirfation with tannic and kinic acids. 
Quinine is most abundant \n*ydloto harh^ usually considered 
as the bark of the Cyinchona while^cinchonine prevails 

in the grey bark ‘Considered as the bark of the Cinchona nitkla 
or of the Cinchona condaminea, » . if 
The ground bark is boiled in 'water^ acidulated with hydro- 
chloric acid, the filtered solution mixed with an excess of milk 
of lime, the precipitate washed,* expressed and dried, *Froin 
tliis precipitate, which contains quinine, cinchonine, tannatc erf* 
lime and other matters, the two bas^s.arc disfolfed out by 
boiling alcohol ; the solution which is strongly coloured is 
filtered, neutralised with dilute sulphuric achl cand the alcohol 
distilled off. Sulphate of quinine crystallizes on cooling, 
and is obtained colourless by treatment with anirpal charcoal 
and repeated crystallization. T^ie suli)hafce of cinchonine may 
be obtained from the coloured mother liquor. Both bases may 
be isolated by precipitJ^ting a solution of their salts in water, 
by means of ammonia, ^(^AJoehler.) ^ 

Quinine^ C 20 HJ 2 NO. 2 . — Tlys base is precipitated by amnionia 
in white flocks,* which are not ^crystalline, and is* crystallized 
even from solution •in alcohol \fith difficulty ; but from hot 
alcohol containing, a little •urrfmonia quinine is deposited in 
fine needles. It is in the state of a hydrate, which fu^es 
about 302® and loses the whole of its water. Qumme is very 
bitter, alkaline, soluble ip 200 parts of,boiling water, and highly 
soluble in alcohol. Mo«t of the sails •of this base are crys- 
tallizable, intensely bitter and are precipitated by alkalies, 
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Subsulphatt of quinine, the ^ordinary mzlphate of qu?:5ine of 
the shops, crystallizes in tuffs composed of fine needles, which 
are very light, slightly flexible^ and ^have a pearly lustre. It 
' requires *740 parts of water to dissolve it at 55®, but only 30 
parts at 212® ; ii is very soluble in dilute sulphuric acid. It fuses 
with the appearance of wjtx, and loses ll4 percent or 6 atoms of 
water. The crystallized salt contains 2 atoms of quinine and 8 
atoms of water to I atoi/i of sulphuric acid. Neutral sulphate of 

quinine is formed by adding' a^ittle sulphuric acid to a solution 
of the sub-sulphate ; it .crystallizes well in rectangular prisms 
wfch rectangular or Square bases, is soluble in 1 1 parts of water 
at 55®, and fuses in its water of crystallization at 212®. It 
reddens vegetable blues, although* its taste is not perceptibly 
sour but strongly bitter ; it conthtns 8HO. 

CiMonU^e^ C2oli\2^0 ^. — ^This base crystallizes readily from 
alcohol in brilliant prisms. It requires 2500 times its weight 
of boiling water to )'issolve 4t, and is less soluble in cold water. 
It is but slightly soluble, in cold ether; in its other properties 
it resembles quinine. Neutral sulphate of cinchonine crys- ^ 
tallizes also in large octohedrai crystals of a rhoraboidal base, 
having a mother of nearl lustre; it contains 8 atoms of 
water. 

r 

i 

STQYCIINIKE AND BRUCINE. 

Thjse alkalies are derived from the Nux vomica class of 
plants and particularly from th^ seeds of Strychnos nux vomica, 
and St. Ignatius’ bean, the fruit of ^trychnos ignatia. To 
extract them, powdered nux vomica »s boiled repeatedly in 
water, the infui^on is con(!entrated(to a syrup avri mixed with 
hydratd of lime in t^e proportion of 2 ounces of -^cklime to 
1 potRid of the nux vomica, yhe two bases are contained in 
the insoluble portion of the nfkss,,. which fi dried and exposed 
to boiling {dooh(fl. On evaporaring thee alcoholic solution 
stfychnine c^tallizes first, while the brucine and a porrioii of 
strychnin^ remain in the mother liqi^pr. . To complete the 
separation, the bases in the mother liquor are neutralised by 
greatly diluted nitric a?«f, and the ifitlate of strychnine otys- 
tallized outj wfiilet the salt «f brucine remains still in solution 
bfingmucli later of c^stallizing! From the salts, purified as 
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usual \r animal charcoal^ and dAsolved in water, the bases may 
be precipitated by ammonia, # 

Strychnine or strychnia^ C44M23N2O4 ; as obtained from the 
evaporation of ita alcoholic solution it^assunies the* form of* 
minute colourless oCtohedrons, composed of* two four-sided 
pyramids, between which a four-tidad ^risgi is sometinies 
interposed. It is soluble in 2500 paft^ of boiljng and in 6607 
parts of cold water ; but the last solution, weak as it is, has 
an intensely bitter taste. , It i^ insoluble in absolute alcohol 
and ether, but sensibly soluble .in aqueous alcohol; not fusible. 
Strychnine acts with great energy on tfTe animal ecoBO|^y, 
inducing tetanus. Its poisonous action is best counteracted by 
an infusion of gallnuts or ^f^arm tea. The salts of strychnine 
are generally crystallizable. • • 

BrucinCy C44H25N2O7.— This alkali was firl^t disco vtred ft 1819 
by Pelletier and Caventou in the bark of^Jirucia antidysenterica. 
Brucine^'greatly resembles strychnfne in iiHf propertjes, acts in 
the same way on the animal economy but is mud* less poi- 
sonous. It is more soluble in water, and is strongly reddened 
by nitric acid, while pufe strychnine is not. 

. VERATRINE. * 

This alkali is found in ^ne seeds of diflferent species of Vera- 
trum, particularly of Veratrum album or white hellebore, and 
Veratrum sabadilla/\n which it exists combined with veratric 
acid, (page 955), It is extradted by j process similar lothat, 
for strychnine. Veratrine has the aspect of a resin, is friable and 
gives a white powder it cannot be crystaiyzed. It is nearly 
insoluble in Vhter, b^t flisi|plves in alcohol and ether. Its taste 
is excessively acrid and yot bitter ; with iSulphurlc* acid it 
l)ecomes yellow, red, and at last violet.* Veratrine occasions 
violent irritation iti any mucous mgnbrane to which it is 
applied, and is highly poisonlUus. Few of ^ts salts except the * 
hydrochlorate and sulphate are crystallizable; they are iiot 
jprecipitated by biphloride of platinum. 

is a crysltallizable base* accompanies vera- 
trine in the seeds of Veratrum sabadilla. ^ is another 

base found in the root of VeAtruiiI albirtn. 
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Tliis l^ase is also termed conia and coneine ; its formula is 
Cj 2H J4NO. It Exists in all parts of hemlock, maculatum. 
It* is volatile and isiobtjfinpd by the distillation of the plant or 
its seed ^ith a solution of. caustic alkali, in the manner formerly 
indicated. It is' a coloij^less oily liquid, of density 0.89, boiling 
at 302^ ; its odour is strong and penetrating, .recalling at once 
that of hemlbck and toba^c^. ^fhe taste of conicine is acrid and 
corrosive, and it occasions death almost as rapidly as hydro- 
cyanic acid. It is soluble in 100 parts of water, alkaline, 
miscible with alcohol and ether. With sulphuric, phosphoric, 
nitric and oxalic acids it form a* cal ts, which crystallize well. 
Solutions o^ both cenicine and its salts undergo decomposition 
when air is admitted to tliein, and become brown with forma- 
tion of ammonia. 

^ The following organic bases are w^ell established, besides 
those already enumerated : • 

• Aconitine, in several species of aconitum. 

Aricine, in,a variety of cinchona bark. 

Atropine, in all parts of Atropa d)elladonna. This base is 
soluble in water, and i^s readily decomposed .when in solution by 
heat ; it crystallizes in small white prisms. Its taste is most 
disagreeably Jntter and acrid. In a state of solution, and par- 
ticularly w^heii in combiriation wilh acids, it is easily decomposed 
with the formation of ammonia. It is Jughly poisonous, and 
in the most minute proportion possessed} the powder to dilate 
the pupil of the §ye. • The formula fair atropine is 
CheMonine and chelerythrine in dielidonjiura majus. 

Colchicine in Colchicum autuipnale. 

Corydaline in the rooti^of Coi^daljs bulbdsa and fabacea. 
Curarine in the Curara poison of Jndia. * 

Daturine in the seeds particularly of Datura stramonium. 
Delphiniye in the seeds of Delphinium gtaphisagria. 

Emetine in ipecacuanha^ the root of Cephaelis ipec. It is a 
white, very fusible povfder of a feebly * bitter taste, sparingly 
soluble in w&t6r, rcipdily soluble in alcohol ; it excites vomiting, 
Ihjoecyamne in Hyolcyamus nlger and albus. 
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Nic\ine exists in tlie leaves ind seed of different species of 
tobacco, namely Nicotiana tab^ciun and Nicotiana rustics. It 
is soluble in waiter, has 4he cbnsistence of butter syid distils 
at 284®. • 


Pelosine in the tool of Cissampelos pareira. 

Solanine in several species of Solaffuih, and in the first shoots 
of germinating potatoes. 

Tlie following bases are not so well known and still proble- 
matical : apirint, azaridine,, Wahchinine, buxipe, carapine, 
castine, chioccine, crotonine, •cynjJjjine, daphnine, digitaline, 
esenbeckine, eupatorine, euphorbiine, furaarine, glancinej gllau- 
copicrine, jamaicine, menispermine, paramenispermine, pitayine, 
sanguinarine, staphisaine, ‘surinaniine, .violine. Besides two 
bases in Carthagena quinquina bark and in chinova bark. 
(Liebig.j 


CHAPTER X. 

CYANOGEN AND ITS COxMPOUNDS 

Cyanogen, NC. 2 =Cy 5 ^hich, when free, is a gas (page 428), 
is remarkable as an organic radical, and ^enters as a constituent 
into a large class of compounds. It combines directly with 
hydrogen, forming a hydrogen-acid, with the whole jof the 
metals forming salts, and is allo obtaified in combination Mith* 
oxygen forming several acids, and with chlorine. Cyanogen 
also appears to be a constituent of urea md uric acid, and of 
the numerous bodies derived froiji the* decomposition of the 
latter. , 

Formation of cyanogen.--^'l\^s compound is always pwmaniy 
obtained as a constituent, of ferrocyanide of potassium (page 
450). In order to explain*the reaction betA’'een animal matters 
and carbonate; of potash, when fused together ^at a red Heat, 
which gives rise k) tljat salt, it is necessary to keep,^n mind the 
following properties of the salt: — When heated to redness in a 
close vessel, ferrocyantde of potassium is decomposed into 
cyanide of potasjium, carburet of iron and lytrogen gas ;*that is. 
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looking upon the fertocyanide of potassium as a douWe/yanidc, 
the cyanide of iron is converted into carburet of iron and 
gen. gas, jehile the cyanide of potassium escapes decomposition. 
' The cyanides <?f metnls in general which can combine with 
carbon, are decomposed in the same way as the cyanide of iwn; 
thus the cyaniole of silvel when heated gives at first a little 
cyanogeri, but afterwards it fupes, and Rowing suddenly, gives 
nitrogen gas, the carbon remaining in combination with the 
silver. The^addition of carbonate of potash tor the heated ferro- 
cyanide of potassium pres ents the decomix>sition of any cyano- 
geV, ‘cyanide of potassium being then formed, together with 
oxide of iron ; and when charcoal forms a third ingredient of 
the fused mixture, the, oxide of iron is reduced to the metallic 
state* Hence ferrocyanide of potassium cannot be supposed 
ready iorm^d in the red-hot mixture of the iron pot in which it 
is manufactured, that npixture containing both charcoal and car- 
bonate of potash. ^ 

In the manufacture 6f this salt, animal substances, such as 
d/’ied Vlood, horn, hoofs, and bristles, with common pearlashes, 
are the materials employed. The animal matter is used either 
in its natural state, or it is previously submitted to distillation, 
as in the preparation* of ammonia, and the residual charcoal 
merely employed for the manufactifre of the prussiate. The 
projection of animat matter into the melted potash occasions a 
lively effervescence, from the evolution of carbonic acid and 
some (jombufftible gases. The liquid is stirred after each addi- 
tion of the material. ®The usual proportions employed are 
equal parts of pearlashes and animal matter, or ten parts of the 
former and eight pjsrts of carbonised a^mal matter. Three or 
four per cpnt of iyon filings are usually added to ^ the mixture. 
After each addition of animal matter the heat is urged until the 
whole fs fused, and the melted material, which is of a thick con- 

' Cr ' ' 

sisterice,,i8 not removed from the pot until the charcoal is seen 
to be equally diffused through the whole mass. The mass, after 
cooling, is placed in an iron pan filled with water, the dear 
liquid after a time drawn off, and water boiled several times on 
the insoluble residue. The liquids arts evaporated for crys- 
tallizing the salt at a temperature ndt exceeding 203° Fahr. 
The formatioVof ppssute takes place after tbe solution of the 
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melte^piass^ by the action of the matters dissolved upoil the 
insoluble residue ; for this mmte^ mass yields nothing but 
cyanide of potassium to akohol/ and contains no prussiate. In 
explanation of the formation of cyanidp of jjotassiuin in the« 
melted mass^ it is stated by Liebig that metallic potassium 
readily produces that salt when fusrfd witlf calpined blood, dis- 
er^ging at the same time a con^iderefb^e quan^ty of charcoal ; 
the proportion of nitrogen to carbon, tin cyanogen, being one 
equivalent of the first to, two of the last, while in blood, 
hair, and horn, the proportion , is 4 Ao 6. Now when these 
animal matters are fused at a high temperafure with potaiili,^tlie 
free charcoal reduces the potash to the state of potassium ; the 
latter then acts upon the azbtised carbonaceous matter, forming 
cyanogen, with which it uYntefi. A sedond mode in which 
cyanide of potassium is 4)roduced, i% wheh .ammciiiacat gas is 
conducted over a mixture of carbonate^pf potash and charcoal 
at a red heat. This is accounted ibr by action pf ammonia 
upon charcoal alone at a red heat 5 th^ ^as is entirely converted 
into hydrocyanic acid and hydrogen (NH3 and 2C=:H,N^2 
and 2H). Now hydrocyanic aicid decomposes carbonate of 
potash at a red heat, forming cyanide of potassium. Hence the 
product of cyanide of potassium is most* conside^ble when the 
animal matter is used in i|s natural state, and not previously 
carbonised, a fact of which the manufijpturers of prussiate of 
potash have long been aware from experience. To account for 
the subsequent conversion of the cyanide of poti^ssiunl^in the 
process into prussiate, it is absolutely mecessary that iron exist • 
in the fused mass ; but it may indifferently be in the condition 
of metallic irpn, the Jjjpotosulphuret or the» protoxide of iron. 
The first is r^dily aissolvdd by a i^lution of cyanide of potas- 
sium with evolution of hydrogen gas (Sl^Cy with^ HO'^nd Fe 
=2KCy,FeCy and KO and H) ; the second with the formation 
of sulphuret of potassium,* and the tiiird with that of caustic 
potash. When the iron i% added in the state of protosulphate 
to a solution of cyanide of potassium, one third of the latter Salt 
becomes cyanide of b*on (a brown insoluble matte/), which is 
dissolved by the other two-thirds of jthe alkaline cyanide, and 
the ferrocyanide formeA These processes are not altered in 
the slightest degree by mixing caustic pota^ih ofsiis carbonate, 
or the sulphuret of pota^ium, wdtli the* solution o{ cyanide^ of 
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potdssium. Much of the iroi necessary is derived the 
corrosion of the iron pot in vhi^h the fusion is conducted.* 

liYDROCYANlC ACID^ 

Syn. Prussic f* add ; forfeiula, H + Cy. This acid was disco- 
vered hf Scheele^ and its constitution first ascertained by 
Gay-Lussac. It may be obtained anhydrous by transmitting 
dry sulphuretted hydrogen ^as^^oyer* cyanide of mercury in pow- 
der, and contained in a gfei^is tube ; sulphuret of mercury being 
foTimed, and hydrocyanic acid liberated. The vapour of the 
latter should be carefully condensed, by conducting it into a 
Liebig’s condenser charged with ice-cold water. It may also 
be obtained very conveniently by the following process of 
M. Tjrautvfein. Fifteen^ parts of ferrocyanide, of potassium 
(page 450) are distilled, in a glass retort, at a very gentle heat, 
with 9 p^rts of sulixluric aci^ previously diluted with 9 parts of 
water and cooled, and t*lr3 product conducted into a w^ell cooled 
oondepser, containing 5 parts of chloride of calcium in coarse 
fragments. The distillation i^ stopt as soon as the salt in, the 
condenser is ejntirely covered by fluid ; and the latter is poured 
off and transferred int6 a bottle with a well ground stopper, and 
secluded from light. ft 

Hydrocyanic acid is a colourless liquid, of density 0.6967 at 
64^j still liquid w^hen free from w^ater at — 64®, boiling at 80® ; 
miscil^fe with water, alcohol an^ ether in all proportions. It 
" consists in the state df S^apour of 2 volumes of cyanogen and 2 
volumes of hydrogen united without condensation ; its combin- 
ing measure is therefore 4 volumes, lik^'that of ajl other hydro- 
gen-acids; and ijts theoretical density 943.7, air fading 1000. It 
has a peculiay, very ^netrating anfl suffooating odour, resem- 
bling rtiat of the distilled water* of bitter almonds, its taste is 
very bitter and burning. Hy'drooyanic acid is in the highest 
degree poisonous, and its vapour’ when inspired, produces 
immediately f^tal effects. Its poisonous action is best counter- 
acted by thye inhalation of air containing^ chlorine or ammonia. 
Hydrocyanic acid sear^ly reddens litrAus; its vapour is very 
inflammable. When pure it easily vhidergoes decomposition, 

^ * Liebig; Proceedings of the Chew. S/*c. of London, vol. i. p. J}. 
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particil^rly under the influence W light, ammonia being fomied 
with a brown precipitate. ThiAlecomposition is prevented by 
a slight admixture of ayy other acid. When potassium is 
heated in the vapour of hydrocyanic aci^, cyanide of potassium# 
is formed, and the hydrogen of the acid is disengaged as gas. 
When its vapour is passed over ignited quickl^e or barytes; a 
mixture of cyanide of the met^l and ^cyanatc of its* oxide is 
formed, and pure hydrogen disengaged.^ Chlorine decomposes 
hydrocyanic acic^ and forips hydrochloric acid and chloride of 
cyanogen. 

The aqueous solution of hydrocyanic adld may be prgpafed 
by precipitating potash from cyanide of potassium, by means of 
tartaric acid, and may in this way be obtained at once of a de- , 
terminate strength and in gdod condition for preservation 
(page 452). But to prepjire this acic^ in fionsideni)le quantity 
the following process may be followed, ^jvhich is that of Geiger 
with tlie proportions modified. Bight pai^^ of ferrpcyanide of 
potassium with 7 parts of oil of vitrioj •diluted with ^6 parts of 
water, are slowly distilled nearly to dryness, the product being 
transmitted through a Liebig’s condenser, and collected in a 
receiver containing at first S parts of water. Tlie condensed 
liquid contains very uniformly 1.62 paHs of hytl^ocyanic acid, 
which corresponds with o«e half of the quantity of cyanogen 
in the salt, the other half of the cyanogen remaining in the 
residuary insoluble ferrocyanide ; the latter is white or yellow- 
ish-white when pure, but is often coloured by pg^ussian blue. 
In this reaction 2 equivalents 8f ferro«ya?nide of potassium arc« 
decomposed by 6 equivalents of sulphuric acid, which liberate 
3 equivalents of hydroowanic acid. The residuary products are 
an insoluble «ferrocya(niae •f potass^m and iron, K,Fe + ]feCy3 
(Everitt), and ^ equivalents of bisulphate ^of potash*; or^ 

2(K2 + FeCy3) and*6(HO.»03)==K.Fe*+FeCy3 and 3(H0,S03 
• +K0;S03)and3liCy. 


If ferrocyanide of potassium be viewed as a douljle cyanide 
of iron and potassium? ¥eCy + 2 KC^, «then the decomposition 
}n the foregoing process is limited to the cyanidi^ of potessium 
of the salt, of which cyanide 3 atbms are decomposed out of 
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the four contah^d in 2 equivalents of the double salt; ^nd the 
residuary insoluble double cyarAde is 2FeCy + KCyw 

The proportion of hydrocyanic aci^ iu the acid prepared by 
' the prece'ding process may be ascertained by accurately weighing 
a portion of it, amounting to about 100 grains ; adding to this 
portion nitrate qf silver in^^xcess, collecting the white insoluble 
precipitate of cyanide of 'silveii^ which falls on a weighed filter, 
drying and weighing together precipitate and filter- Five parts 
of the precipitate correspond tq 1 part of hydrocyanic acid. Or 
red oxide of 'mercuYy may^be us^d to test the strength of the 
aq^ieops acid, A drop or two of caustic potash is added to a 
weighed quantity of the dilute acid, and then a known weight of 
the red oxide of mercury in fine ^powder is agitated with it. 
The metallic oxide dissolves •readily as cyanide of mercury, 
every ^ parts of oxide dissolved corresponding with 1 of anhy- 
drous acid. The hydjpcyanic acid may then be reduced to any 
degree of strength <^^ired, .by the addition of water. 

The dilute acid, whcg absolutely pure, soon decomposes, 
becoming brown and then black, but has stability imparted to it 
by the smallest trace of sulphuric acid; an addition which 
should be made when it is intended to preserve hydrocyanic 
acid for mddj^al use. . The solution has the taste, odour and 
poisonous qualities of the anhydrous pcid. 

Hydrocyanic acid may be detected by its odour, or by adding 
a few drops of sulphuric acid to the liquid containing it, and 
covering the^vessel with a glass plate having its lower surface 
moistened by a solution <of nitrate of silver. The hydrocyanic 
acid rises from iti^Tolatility, and producei| a white precipitate in 
the nitrate of silver. it . 

the most delicate aqd satisfa ;tory indication of hydro- 
cyanic^oicid is t£e production of Prussian^ blue from it, by a 
process whicfi is known as Scheele's test. If the liquid to be 
examined contains much organic matter, as the contents of the 
stomach in a case* of poisoning, it is mixed with about one 
sixtSd of its bulk of oil of vitriol and distilled. The test is then 
applied to tiie*distilled liquid. r, 

1. A few drops of protosulphate of iron are added to the 
liquid to be tested, with% 's%ht excess, of caustic potash so as 
to precipitate ojcide of iron. 

2. The dkaline *p^!d, after a few minutes^ exposure to air, 
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to all<^ of the formation ot i^me peroxide of iron, is made 
acid by the addition of hydrochlimc acid, when Prussian blue is 
formed and precipitates. ^ • 

Hydrocyanic acid does not decompose carbonates/ and may* 
therefore be purified ftoni other acids by distilling it from chalk. 
But the acid so distilled cannot Ta^ACArvArl wif limit n/iriinr/ o 

trace of a mineral acid to it. ^ 

Cyanides. — Hydrocyanic acid forms ^ metallic cyanide and 
water with red OMde of merpury^ o.vide of silver and other me- 
tallic oxides of which the metai has«a*feeble affinity for oxygen. 
The cyanides of these metals are not decomposed by di^tc 
oxygen-acids, and resist for a long time the action of concen- 
trated and boiling nitric ^cid. But the same cyanides are 
decomposed very easily by sUlphflivetted hydrogen and hydro- 
chloric acid. The cyanidj of mercury is rfisolved rhen fieated 
into metal and cyanogen, a portion of ^l^ie latter remaining in 
the retort as paracyanogen^ a blaclt coaly ?»gatter, isomeric with 
cyanogen. Caustic potash is not neutralised by hyVirocyanic 
acid, but remains strongly alkaline, while the solution retains 
the odour of the acid. Hence ifr is doubted wdiether cyanide of 

potassium is then formed, and rather supposed that hydrocyantc 
acid unites directly with oxide of potassium. the solid 

cyanide of potassium, w^hoji dissolved in water, has the same 
characters as the preceding solution. Cyanide of potassium 
dissolves the metallic cyanides insoluble in water, jprming 
double salts, and then acquires stability. Cyanide jof potassium 
is decomposed w^hen heated wfkh a solution of caustic potash ; • 
the cyanogen of the farmer salt, uniting with the elements of 
water, is converted int(^ formic acid and ammonia: 

K,Np 2 and 4HO=KO-f C^HQg and NH 

• 

The insoluble cyanides of all non*-alkaline metals, may be 
obtained by adding hydrbcyanic acid to an acetate of the 
metal. 

DOUBLE CYANgiES. 

The soluble cyanides of potassium and so(^uid>j^Ssoive*8ll the 
insoluble cyanides of the^metWs pfoper,*and* form double com- 
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pounds, generally crystallizabW which are not decomjjpsefd or 
modified by alkaline carbonateslnor metallic chlorides. 

Protocyanide of iron^ FeCy^ wit^i certain other cyanides, 
• comports itself in a peculiar manner with oflier metallic cya- 
nides and also with hydrocyanic acid. Tiie cyanide named in 
co'mbinatiqn wit^l'i tW'O ^(jeivalents of cyanide of potassium, 
FeCy-f 2KPy, forms a neutral^salt, ferrocyanide of potassiunh 
(page 450), which is not* poisonous, gives no hydrocyanic acid 
with sulphuric acid at the oidiuary temperatuu':, while its iron 
is not precipitated by an ?^JkaIi op alkaline carbonate ; or in this 
cofcpQund the proiierties of hotli a cyanide and salt of iron 
entirely disappear. If the potash of this double salt is precipi- 
tated by tartaric acid, a new double^ cyanide is formed, highly 
acid and crystallizable, contakiirfg protocyanide of iron with 2 
equivalents i>fhydr.o('^yani(; acid, FcCy^*f 2llCy, known asferro- 
cyanic acid, or ferrocy^anide of hydroyen. On the view of the 
constitution of these^walts |V‘<1posed by M. Liebig, they contain 
a bibasic 5alt-radical ferrtjpyanogen FeCyj, in combination, with 
2K in the first, and with 2H in the second. Ferrocyanide of 
lead, 2Pb,FeCy3, is a white pnecipitate with a shade of yellow, 
fcfrraed on adding ferrocyanide of potassium to a salt of lead. 
Ferrocyanide^oV copper ^ (?U2,FeCy3, a reddish brown precipitate, 
insoluble in dilute acids, formed on a(|^ling ferrocyanide of potas- 
sium to a salt of black oxide of copper!’ Sesquiferrocyanide of?>o;it 
or Prusfpan blue, Fe^j^^FeCya, is precipitated on adding the same 
soluble^ ferroQyanide to a persalt of iron (page 561). With a 
•protosalt of iron, a greenish whitfc precipitates is produced, which 
according to Berzelius, is a double ferr9cyanide of potassium 
and iron, K.Fe3,2FcCy3 (page 557). » 

Sesquicyanide of iron, F^CjCy;^, iw combinatioiL with other 
cyanide forms another class of compound!}, analogous to tlie 
precedkig. With 3 equivalents of cyanide of potassium, (FcjCvs 
+ 3KCy^ it forms the redprusi^iate^of potash, or ferricyanide of 
potassium, K3,Fe20y^, (page 450).* Witl) 3 equivalents ofhydro- 
cyaftic acid, FeCvj'f 3HCy, it forms ferricyanic acid or ferric 
cyanide of J^drogen, H3,Fe2Cy(j; it is obtained by decomposing 
the insoluble ferricyanide# of lead by aulphuretted hydrogen. 
The ferricyanide of potassium producest\<ith a protosalt of iron, 
ferricya‘nide a beautiful variety of Prussian 
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bluetpi^gc 557 )* The same alKaline fcrricyanide does not dis- 
turb a j^rsalt of iron. A 

Sesquicyanide of cobalt^ C02CJ5JJ? A)rms with other cyanides a 
class of double .salts strictly analogous to the immediately 
preceding class, and which are represented as* compounds of 
a tribasic salt-radical, cohalticyanoge^^ colialti- 

cyanides. Cabal ticyanide of pqfassium^ K3,C()2Cy(- «vas dis- 
covered by L. Gmelin, and is prepare?^ l)y, heating slightly a 
mixture of proto-^de of cobalt, 0|; it^ carbonate, with a solution 
of potasli supersaturated with *Jiydrg(;yanic acid ; l^iydrogen is 
disengaged witli a slight effervescence, ancf the solution jvhfn 
evaporated, furnishes the salt in question in reddish-yellow 
crystals, which require to be purified by a second crystalliza- 
tion. It is isomorphous with*fewricyanide*of potassium. 

Sesquicyanide of manganese^ ajypears alfo to^ form 

with other cyanides a similar class of salts^ (page 531 ). 

Sesquicyanide of chromium^ apyiears to ^exist in a 

class of double cyanides of the same typ®. * 

Chromocyamde of potassium^ K3,CroCyj., is formed when a 
mixture of hydrated oxide of chromium with a solution of hy- 
drate of potash to which an excess of hydrocyanic acid hafts 
been added, is allowed to evaporate spdntaneousl^^ jrf air. The 
liquid acquires a reddish-brown colour, and deposits yellow crys- 
tals, wliich have a siniilar form and composition with ferri- 
cyanideor cobalticyanide of potassium. (Breckmann). 

Bkyanide of plaimum^ PtCy2, is considered hj Liebig as 
existing, as a radical, in a seri«fs of pUliwum cornpounefs, dis- 
covered by M. Doebereiner. This salt-radical is monobasic. 
Platinocyanide of K,PtCy2 + 3H09 is formed on ex- 

posing to a ho&t apprgaclui^ redness^ a mi»tiire^of equal pai;ts of 
platinum sponge and dried ^Trocyanide of potassium, ^solu- 
tion of the heated mass affords ^first, wdien evaporated, crystals 
of ferrocyanide of |)otassium, sftid then of platinocyanide of 
potassium. The letter crystallizes in thin elongated rhomboidal 
prisms, which are blue by reflected and yellow hj transmitted 
light. Its solutioji does not precipitate nitrate of lead, but 
nearly all the other metollic salts, rhlinocyanic acid or pla- 
tmoeyanide of hydrogere, is •obtained by decomposing 

the platinocyanide of mercury susf)ended in, wat^by a Stream 
of sulphuretted hydrogen ft cryStallftes m a confused 
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mass, of which the faces reflect a copper lustre ; its solpcion is 
strongly acid. 

c 

fcOMEOVJNDSi OF CYANOGEN WITH CXYGEN. 

* Ik. 

Cyanogen forins the three following isomeric acid compounds 
with oxygen : 

, Cyanic acid % . • HO,Cy tJ , 

Fulrninic acid .♦ . 2riO,Cy20.2., 

Cyanuric acid . . 3 H 05 Cy 303 . 

Cyanic acid^ HO+CyO. This acid is formed when cyanogen 
gas is dissolved in a solution of baustic potash, or passed over 
carbonate oif potash 'heated to redness; also when ferrocyanide 
of potassium in a fine, powder is ignited in a shallow iron vessel, 
with stirring and exposure td air at a low red heat. It does not 
exist except in combinatipn. The hydrated acid was prepared 
l^y Wmhler by distilling dry cyanuric acid, and collecting the 
product in a receiver surrounded by ice. 

** It is a transparent very volatile liquid, of a pungent odour, 
highly corros^ive, misciblfe with water. Soon after its preparation 
this liquid spontaneously underg^s a very extraordinary 
change ; it is converted with the evolution of iieat into a white 
solid matter, cyamelule^ having the same composition in 100 
parts, ^ but insoluble in water and dilute acids, dissolved by 
caustic alkali, with the ^onnatidn of ammonia, a cyanate and 
cyanurate of the alkali. The probable fqrraula of cyamelide is 
Nri-fC202 (Liebig). Cyanic acid in solution reddens litmus at 
first,, but is soon ^ tran'sforn^ed into hicarlK»nate of ammonia, by 
unitiiig" with the elements of 2 atomc of wa^jer : 

HO+C 2 NO and^2HQ=-NH3;C20^. 

' * m 

Cyanates , — ^The alkaline cyanates arc soluble, all tlic others 
are insoluWe. They arc recognised by the^ decomposition of 
their acid, which occurs ;soon after it^is liberated by another 
acid. Ammonia forms* two compounds with cyanic acid ; one 
which *contafa>^'more ammonia than belongs to a neutral salt is 
produced when the add va|)our 'iand dry ammoniacal gas are 
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mixeci \^gether, and forms a wlifje woolly crystalline substafice. 
This cyaiiate afi()rds ammonia wWn^treated by an alkali, and its 
acid undergoes the usual decomposition when liberated i)y ano- 
ther acid. But i£ heated, either dry or ^n solution, it loses a 
little ammonia, still retaining, however, the elements of a neu- 
tral cyanate, and is transformed int^ urea, •a efcange the more 
remarkable that urea is a substance •l:|^longing t<j tirt) animal 
economy. ^ . 

Urea or anoriiml cyanatQ ofi ctinmonia^ C2O2N0II j— C2O2 
+ 2NH2 (Dumas). This subi^anco^ rliscovercd by Vauquelin 
and Fourcroy in urine, was obtained from cyanic acid and aT?i- 
rnonia by VVcehler, and is tlie first pecufiarly organic product 
which was formed artificially! It exists in the form of lactate 
of urea in human urine, and dfmlfined with* hippuric acid in tlie 
urine of the cow and elephant (Cj^:) an'd Ileni^O. ^IJrca 
combines with most acids without ‘neutralising them, and is a 
feeble base. • • • 

The following is an advantageous j^tocess for urea from 
human urine, without the use of alcohol. Fresh urine is cj^^apcj 
rated in a w’ater-bath to about Vr of its volume, allowed to 
cool and filtered. Oxalic acid is taken in tlie proportion oT 
about half an ounce to eacli pint of u?iiR'. employgef, dissolved 
in twice its weight of hot vpter, and the solution slowly added 
with continual agitation to the concentrated urine ; a large pro- 
duction of a buff-coloured precipitate results, winch is oxalate 
of urea. The impure oxalate, when quite cold, is cgllected on a 
large calico filter, slightly wash^ with » cold solution of oxalic- 
acid, and pressed in tjie hands as strongly as possible, to get 
rid of the mother liquoni containing salts, &». The solid mass 
of oxalate of u/ea is n^t di%solvcd ig hot •wat^r in a capacious 
vessel, and neutralised with chalk (whiting) rubbed u]i*with 
water to a thick cream. So so^n as the acid reaction tc^i test- 
paper ceases, the wlTole maj^be fhrown*on a filter to drain, and 
squeezed to avoid tumecessiwy loss. On dig^.sting the solution 
with animal charcoal, again filtering and concentrating, wit!\<flit 
ebullition, to a snjall bulk, crystals of urea are deposited on 
cooling ; these have a tsownish coloiur and disagreeable smell, 
but by a second solutioft rin warm walef, with the addition of a 
little more bone-black and filtration, the sul)staft^^*is obtained 
cnow-wbite arid inodorous. The ifrea obtairfed in this manner 
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buAis without sensible ash, ai^ its solution is not troySled by 
a salt of lime. In the lattei; pkrt of the evaporation of the first 
impure solution of urea filtered fron^ the oxalate of lime, inso- 
luble oxalate of lime syeparates in crusts upon, the suH'ace, which 
must be removed by filtration. 

’ Or, nitrate of urfea ma) be formed by adding to the concen- 
trated ufine in a shallgW basc^n an equal bulk of nitric acid of 
1,42, taking care by the gradual mixing of the acid and phicing 
the bason in cold water, to* prevent any corijfillerable elevation 
of temperature. This pivjcaution is necessary, for the urine 
contains chlorides,' which when decomposed by the action of 
nitric acid and heat, '^iroduce .chlorine and nitrous acid, bodies 
which re-act injuriously upon urea." The impure nitrate of urea 
which crystallizes is Vashed several times with dilute nitric acid, 
and ttien A'ied by placing it upon a/jlean porous brick or tile, 
which imbibes the aej^d liquor. It is redissolved and discoloured 
by means ^of animal 'Charcoal, crystallized again, and the solu- 
tion of colourless nitrufe of urea treated wdth carbonate of 
Jjarytes or carbonate of potash till perfectly neutralised. The 
nitrate of barytes or nitrate of potash crystallizes first from the 
fconcentrated solution at a low temperature, and the urea after- 
wards frorh ,tfre mother ^liquor of those crystals. The urea may 
be purified from any adhering salt ^y solution in alcohol and 
crj^stallization from that liquid. ^ 

Urea may also be prepared in large quantity by decomposing 
the insolubje cyanate of lead with ammonia or its carbonate. 

Urea crystallizes ki <colourle%s, flattened, four-sided prisms, 
is soluble in its own weight of cold water, in 4 or 5 parts of 
cold alcohol, and in 2 parts of boiling nlcohol ; it fuses at 248". 

Xhe taste of its aqueous solution /is fcogling, HKe that of nitre, 
acrick^ici bitter. It is persistent in dry air, but deliquesces in 
damp air. At a liigh temperature it undergoes decompo- 
sition ^and produces ,ammoifia, cyanate'^ of ammonia, and 
solid cyanuric acid. Alkalies give no, indication of am- 
rrfonia in a cold solution of urea, nor is cyanic acid precipi- 
tated from by the metallic salts. The latter acid, however, 
is revived when a solution of urea is evaporated with nitrate of 
silver, cyanate of sil^fer being depoaitfed in a crystalline state, 
and nitrate* pf*ammonia remains in solution* When urea is dis- 
solved in ‘fused jfbtash or ih concentrated and boiling sulphuric 
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acid,*it assumes the elements of g atoms of water, and is ci^n- 
verted into carbonic acid and ammonia. 

Nitrate of urea is soluble in 8* parts of cold water. It con- 
sists of single eijuivalents of urea, nitric acid and water. 
(Regnault). 

Oxalate of urea crystallizes in long* tjiin iprigms, which are 
much less soluble in water than the mtrate, and hav» an acid 
taste. This salt also contains an atom ^of i^ater. From the 
oxalate of urea, cftmpounds of ur^a viith other acids may be ob- 
tained, by precipitating the oxgilic acid with a nAitral salt of 
lime of the other acid, and thus the hippuratfe, lactate, sulpJiatJfe, 
&c. have been formed and crystallized hy MM. Cap and 
Henry. 


FUtMINIC ACIDf 

Formula of the acid supposed anhydrous * C4N202=v=Cy20,. 

Fulminic acid exists in certain fulalinating compounds of 
silver and mercury, discovered by Mr. Howard, but itj true; 
nature was first ascertained by Gay-Lussac and Liebig. The 
acid is bibasic; it undergoes decomposition when separated 
from bases by a stronger acid, into hydrcTcyanic acief and other 
products. Fulminic acid iw formed by the action of an excess 
of nitric acid and alcohol upc)n nitrate of silver or nitrate of sub- 
oxide of mercury. A variety of products result from the mutual 
action of nitric acid and alcohol, including nitrous acid ; 2 atoms 
of which with 1 atom of ether^ are reifolted, in contact witli 
oxide of silver or mercury, into water and fulminic acid, the last 
combining with the metallic oxide : 

Nitrous acid^ Ether. Fulminic ncid. 

Njdfi and C 4 H 50 =^C 4 N 202 and SHO/ 

Fulminate of silver's also imraeefiately formed and precipitated 
on transmitting the vapour of nitrous acid through a saturated 
solution of nitrate Qf silver in alcohol. - ^ 

JfWmijw/cs.— The s^tof suboxide of mercury \h pfepared by 
dissolving 1 part of meraury in 12 parte of mtnc acid of l.3(>, 
by a gentle heatj then adding 1 1 parts of alcoholsofc 0.848, and 
heating by a water-bath. A violen« reaction «oon occurs, with 

2 :r T 2 
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tho escape of nitrous ether v^our, and precipitation of/metallic 
mercury ; and soon fulminate of mercury is deposited in white 
opaque granular crystals, which njay be washed when cool, 
and dried at the ordinary temperature, Xhis salt crystallizes 
from boiling water in fine, silky needles', and may thus be de- 
prived of the free mer^suiv^ with which it is accompanied. Ful- 
minate rof mercury detonate^ violently by percussion, or when 
rubbed between }\ard^ bodies ; in the flame of a candle it defla- 
grates with a feeble explosion.. Mixed intin>^tely with G times 
its weight 'of saltpetre,, iA forjhs percussion powder, which is 
ifitrqduced in the 'state of a paste with water, into the copper 
capsules used with i: re-arms. Fulminate of s^i/ver is prepared 
like the salt of mercury, but wdth 'about twice as much alcolu)!. 
It detonates oven more violc^ntly* by percussion than the salt of 
merchry, irid also by he^t. This fulminate is deprived of only 
half its base by an alkali, and a salt formed containing 1 atom 
of alkali and 1 atom of oxide of silver as bases. Nitric acid 
throws down an acid fiilminate of silver, containing an atom of 
water as the second base ; it is crystallizable and more soluble 
than ' the neutral salt. The action of hydrochloric acid upon 
fulminate of silver is attended with the formation of an acid 
containing' clHorine, cMorocyanhydric acid^ of which the proba- 
ble composition is H2 + C.2NCI5 (G^y-Lussac and Liebig). 

CYANURIC ACID. 

FoTrmula of the acid vCrvstalltzed from water: 3H0,Cy303-f 
4HO. 

Cyanuric acid discovered by Solieele and examined by 
Serullas, but its true constitution wus first ascertained by Liebig 
and ^Woihler. It is formed in a .variety of circumstances; in 
the decomposition of urea by heat, the distillation of uric acid, in 
the decomposition of the solid'*chlqride of cyanogen by heat, &c. 
M. Liebig recommends its preparation from Melam (p. 1000), 
Af portion of melam is gently warmed in a little strong sulphuric 
acid until dii^solved ; the acid liquid is poured into about 30 
parts of >^'ater, and boile^ in a flask, witfi the occasional addition 
of water for four or five' days, till the® liquid no longer gives a 
precipitate ammelide with ammonia. By evaporation the 
fluid gives* browiT cry.vtals of cyanuric acid, which may be made 
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colourless by repeated crystallization, or when this fails by •dis- 
solving in concentrated sulphuric, acid and precii)itating by 
water. The white precipitate Ij^' water gives colourless crystals 
of cyan uric acid fiom a solution in boilirjg water. In* this pro- 
cess, melam on dissolving in sulphuric acid is transformed into 
ammonia and ammelide, and the last»’ii\ contact with the add 
diluted 'with water is resolved into antiijonia and cyantiric acid, 
as expressed in the followinar eauations : . . * 


Melttin. Water. * Amineline. Ainii^nia. 

^i2NnHg and iind 2NH3. 

Ammeline. Cyanifric acid, Ammonia. 

and 5NH3 

• • • • 

Cyan uric acid has a fjpeble acid t^ste, ts slight^ soluble in 
cold water and dissolves in 24 pftrts of boiling water. The 
crystals from water are oblique prions o? if rhombic base ; tliey 
contain 4 HO, which they lose in air at the ordinary teriiperature. 
Cyanuric Jicid is obtained anhydrous and crystallized, from a 
concentrated and boiling solution*in nitric or hydrochlorfc acid. 
One atom of cyanuric acid is decomposed by dry distillation aiipd 
resolred into 3 atoms of hydrated cyaific. acid, of \diich it con- 
tains the elements. It dissolves with the aid of heat in the 
concentrated mineral aciCs, without dccomx)osition, but is 
decomposed by continued boiling with the formation of carbonic 
acid and ammonia. 

Cyanurates, — In these salts tte throe atoms of water *of the, 
hydrate of cyanuric acid are replaced in whole or in part by 
metallic oxides. They^ire all completely deqprnposed, and their 
acid liberate A*l 3 y nitric andt hydrochloric acids. 

Gaseous chioride of CyCl, 'is most •conveniently 

prepared by passing chlorine in»excess^into an aqueous solution 
of hydrocyanic aci^, and o;xpelling the chloride of cyaftogen by 
a gentle heat. It is a gas at the ordinary temperature hawng 
an insupportable, ^penetrating odour, and provokhig tears. At 
0® Fahr,, it crystallizes jin long needles like spiculee^of ice. It 
undergoes a metamorplipsis ^ conliftei liquid in a tube, and 
deposits the solid isomeric chloride of cyanogen ^^ersoz). It 
combines with ammonia, as CyCl+^NHj. 
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Solid chloride of cyanogen, GyjClg, corresponds in constitution 
with cyanuric acid •, it is formed when a mixture of dry chlorine 
and hydrocyanic acid is exposed to.the direct rays of the sun. 
It is white ai^d suhlimes in diaphanous * needles. When 
digested in, hot water, it is resolved into hydrochloric and cya- 
nuric acids. Jt dombinl^s also with ammonia, as Cy 3 Cl 3 + 
3NH3. " , , * . 

Bromide of cyanogen, CyBr, crystallizes in cubes, but is 
gaseous at 59®. r . ^ 

Iodide 0 / cyanogen, Cyl, forms snowy flocks, white and 

ci^stnlline, which volatilise at 113®. 
c 

0 

, SULPHqCY^NOQEN. 

Its fom/dla as it exists in combination is CySj ; or it is the 
bisulphuret of cyano|™n. 

When chlorine is transmitted into a strong solution of sulpho- 
cyanide of potassium, a ' solid matter of a fine yellow colour is 
precipitated which was considered as sulphocyanogen, but has 
been shown, by Mr. Parnell, be different, and named meta- 
sulphocyanpgeji. Sulphocyanogen, as it exists in the sulpho- 
cyanide has not yet been isolated. 

Hydromlphocyanic acid, H + CySjns obtained by decomposing 
the basic sulphocyanide of lead by dilute sulphuric acid, and com- 
pleting the decomposition by sulphuretted hydrogen. It is a co- 
lourless liquid of a sour taste, which spontaneously resolves itself 
in air into several products. It has not been obtained anhydrous. 
It colours red the solution of a persalt of iron j it is not 
poisonous. ' '• 

Sulplwt^anidee.—The preparation of sulphocyaflide of potas- 
sium 'has already been described (page 452). The neutral 
sulphcfcyanide of lead is deposited in yellow opaque and bril- 
liant crystals, on mixir^ concentrated solutions of acetate of 
lead and sulphocyahide of potassium: The basic sulphocyanide, 
PbjCySj-f PljP, on throwing the neutral salt into boiling water, 
or on adding the tribasic acetate of lead to sulphocyanide of 
potassium. It is a yellowish white crystalline nowder. insoluble 
in water. 
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PRODUCTS OF THE DECOMPOSITION OF SULPHOCYANOPEN. 

• • 

Metasulphocyamgen, Ci2N(., 8,21130 (l^arneli;^. This is the* 
yellow substance precipitated by the action of chlorine on 
sulphocyanide of potassium in soWtion, Vitji formation of 
chloride of potassium. It is alsp forrA^ by the actioif of nitric 
acid upon the same salt. Metasulphocyanogen dissolves entirely 
in a solution of ihustic potash. • An acid added to this solution 
throws down a lemon yellow precipitate^ with a small quantity 
of a black matter, which has not been fully examined., ^flie 
yellow substance is the hydrothioeyanic ckid of Mr. Parnell, of 
which the probable forraufa is C,QN5S,2Hg02— H4,Cy5Sj2 4- 
2110. The neutral thiocyaitfcle!? contain* 4 atoms of rnetal in 
the place of H4, and when insoliiWe are yello\\| whfle the 
tbiocyanides combined with metallic oxijjp are black.* 

Mellon, ^6^4 (page 428). Thil is th^ fixed residue which 
remains as a yellow powder, on heating dry metasulph?)cyanogen 
to low redness in a glass flask, sulphur and bisulphuret of 
carbon being volatilised at the ^same time. It was discovered 
by M. Liebig, who supposed 4 atoms of sulphocyanogfin 
(Cj^N4Sj^) to be resolved into 1 atom df •mellon t^6N4) 4 atoms 
of sulphur (48) and 2 ate^ms of bisulphuret of carbon (0284), 
But Mr. Parnell has obsei^ed the appearance in the decomposi- 
tion of metasulphocyanogen, of water, sulphuretted hydrogen, 
and hydrosulphocyanic acid, in addition to the products above. 
He supposes three equivalent of inttasulphocyanogen to be# 
resolved into four of yiellon, C24N,6; two of hydrosulphocyanic 
acid, S4C4N2H2 ; four #f sulphuretted hydrogen H4S4 5 eight of 
bisulphuret of carbcwi, twelye of sulphur 8,3, and^three 

of water H30g. , 

Mellon is insoluble in wa^er, alcohol, and dilute agids; is 
decomposed at a bright re(iheat into three volumes of cyanogen 
and 1 volume oi nitrogem. * It is a salt«radical, combining 
directly with potassium, yith ignition and formation of indlmiide 
of potassium ; with hydrogen it forms hydromellonic^ acid. 

Cyanilic add, CeNjHaOe (Liebig), Mellon is decomposed by 
the prolonged action df 4)o%g nitnc^adid, with disengagement of 

• Philosoph. MHg.»3rd. St lies, v#l. 17f p. 249. • 
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gas/ and the liquid yields on evaporation, colourless, anhydrous 
octoliedrons of cyanilic acid, which has the same composition 
as cyanuric acid, and also crystallizes from water with 4HO. 

^ The nitric acid after its action on mellon coiKains ammonia; it 
is the only, acid which causes mellon to undergo this transfor- 
mation. f ' • 

Boiling potash ley di^sdlves ipellon with evolution of ammonia 
and formation of a«saU in white needles, which has not been 

A 

sufficiently examined. # • . ^ 

Hydro-persvlphocyanic i CySgH (Woskresensky ;) a 

ye'ilow matter insoluble in water, formed when sulphocyanide of 
potassium heated to fusion is .exposed to a stream of dry liydro- 
chloric acid. It is soluble in boiling alcohol. 

Melam, Cj 2 Nj|Hy‘ (Liebig)/ ohb of the products of the dc- 
compo^sitiorf. by heat'of sqjphocyanide.of ammonium. It is most 
conveniently prepare^., by heating a mixture of dry sulphocya- 
nide of potassium Vith twice its weight of sal ammoniac in a 
porcelain’ bason, above or 400®, by a charcoal chauffer. 
Ammonia, sulphuretted hydrogen and bisulphuret of carbon go 
oft', and melam remains rnixednvith chloride of potassium, from 
which it may be separated by washing with pure water. Melam 
is a greyish y^fiite powffei, not crystalline, insoluble in water, 
alcohol, and ether. It is decomposed by heat into mellon and 
ammonia, i 

Melamine, CgN^Hfi (Liebig) ; a salifiable base formed by dis- 
solving meli^rn in 1 part of hydrate of potash dissolved in 20 
• parts ofiwater} the mixture bAng kept in ebullition till the 
turbid liquor becomes perfectly clear. Oj^e atom of melam with 
2 atoms of water are then resolved inTo 1 atom of melamine 
and 1 atom of ammelme. ]yielaminc^is deposited from the con- 
centraitevl solution on cooling in anhydrous rbomboidal octohe- 
drons, transparent, colourless or, tinged slightly yellow. It is 
very slightly soluble in cold wafer, dissolves' to a greater extent 
in boiling water, but its solution ' is <very slowly effected ; it f js 
neirtral to test paper, insoluBle in alcohol and ether. When 
dry melamine' is strongly heated, the greater portion of 
sublimes without decomposition. Melamine forms crystallizable 
salts on combining with'diiute * ' 

(Liebig). The alkaline solution above, 
from which" melaniine 'crystkllizeS, still contains ammeline dis- 
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solved in caustic potash, from which it is obtained, on neutnalis- 
ing wiili acetic acid, as a gelatinous white precipitate, this is 
washed and then redissolved ir; difute nitric acid ; the solution 
gives by evaporation crykals of pure nitrate of dmmeline,, 
from which, dissolved in water, pure ainmelinc is precipitated 
by carbonate of ammonia. It may ijiso^be obtaineJby dissolv- 
ing melam in dilute and boiling liydrochloric acfd. • 

Arnmeline forms very fine brilliant si&y needles ; is insoluble 
in water, alcoht^ and ether, byt jlissolves in caustic alkalies. 
Ainmeline is a feeble base add coijibines only with the more 
powerful acids. Its salts are crystalfine, Imve an acid reaction, 
and water precipitates arnmeline from the^l. * 

Ammelide^ Cj2NqII(jO(j (Liebig), is a product of the decompo- 
sition of melam, melamine, and ainmeline by concentrated acids. 
Tlie solution is treated with alcohol, and tlie preeij^tate t)f am- 
melide w^ashed with cold water. Ih may be purified by solution 
in nitric acid and precipitation by €c\rbonate of ammonia. It is 
a white powder insoluble in w^ater, alcohol, and ethef ; soluble 
in alkalies and the stronger acids. iJ forms a crystalline com- 
pound with nitric acid, wdiich is, decomposed by water. •When 
long boiled in dilute nitric or sulphuric acid, ammelide is com- 
pletely decomposed and converted iiiio .ammonia and cyanuric 
acid. * 

Hydi^osulphurets of cypiogen. — Dry sulphuretted hydrogen 
and cyanogen do not combine wdien* mixed together over 
mercury, but if a drop of water is added, the gases are con- 
densed in the water, w^hich affords ^thjn yellow crysfals by, 
evaporation, observed by Gay-Lussac, of which the com- 
position is C4N2H3Sr^^ or an allantoin, in ydiich the oxygen is 
replaced by Jjtdphur ^Vtelc^el). When a stream of sulphuretted 
hydrogen is conducted int^ an alcoholic solu 1 :ion of*cyajiogen, 
the liquid sodn becomes yellow, and deJ)osits firle orange red 
crystals, when artificially cooled, digeovered by Wochler, of 
which the composition is QgNfIS + HS ; its compound with lead 
CjNHS + PbS (Voelckel). 

Sulphocyanhydric acid and sulphuretted hydrdgen.—K com- 
pound acid of these* .acids was obtained by Zehse, as one 
of the products of the.rea^ion betwoen gaseous ammonia and 
the bisulphuret of carbon in alcohol. Its empirical formula is 
CyS3H2 
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URIC ACID AND THK PRODUCTS OF ITS DECOMPOSmON. 

P 

These ,form a well defined cWss of •^compounds, which appear 
from their analysis to contain cyanogen^ arid carbonic oxide. 
M. Liebig .connects the dififerent members of the class by 
supposing theiif to cofitaln a compound radical in common, 
uriley which is ifc^elf a combination of 2 atoms of cyanogen and 
4 atoms of carbonic oxide. Urile, 2Cy-f 4C(^CgN204, being 
indicated by, Ul, then the dom'pounds are represented by the 

Empyrical 
formula;. 

=»^Uric acid =C,oN4H40g 
=Alloxan =Cg N2H40jg 
= Alloxan tin— Cg 

2Ul-f- 1 atom amnv^JlIa-f 2JIO=Uramile ==Cg NgHgOg 

^ URIC JVCID. 

f *. 

^Formula, CigN4H40g, or 2Ul-h(C202 4*2NH2). An acid 
which exist^jt iri the uring of all carnivorous animals, and forms 
the basis of most urinary concretions. It forms in combination 
with ammonia, the white part of th^- excrement of birds ; and 
vast accumulations of 'that urate exist in the (juanOy or decom- 
posed excrement of aquatic birds, by which many of the small 
islanda on t?ie coast of Peru ai^d Chili are covered, and which 
is used as manure. * * 

Uric acid is conveniently prepared from the chalkJike excre- 
ment of serpents. * The solid urine ofAhe Boa \\b reduced to 
fine powder and cadded to a boiling and i^ery dilute solution of 
potash, suffioient only for the solutfon of a' portion, and ebulli- 
tion continued until the undiss^lved mass appears quite white. 

The whole is then allowed to cqoly thrown upon a calico filter, 
ind washed until tJie water passes oflF very 'nearly colourless, 
riie washed white mass, which consists of urate of potash, is 
next dissolred in another portion of caustic ftlkidi, filtered, and 
dowly added to an exces^ <5f dilute hydrochloric acid maintained 
in a stete of ebullition. The uricfticid' which precipitates, may 
be washed first by <lecq.ritatiqn, an.d afterwards more completely 
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Rational formulae. 
2U1+ 1 atom urea , 
2Uki-Oi,+4HO . 
2UI + 0 +5HO 
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on a fijjter, and is obtained perfectly white. From the b^own 
liquid filtered from the urate of pptash, an additional quantity 
of uric acid may be obtained ^by supersaturation with hydro- 
chloric acid, but the product has a brownish colour. 

Uriip acid crystallisses in thin scales of a *silkj; lustre and 
brilliant whiteness, is inodorous an* i^isipid, Ipses nothing ‘at 
212®. This acid is nearly insoluble • ip cold water, requiring, 
according to Prout 10,000 parts of wa^er .at^fiO® for solution, 
and but slightlySoluble in Jiot water ; its solution has a feeble 
reddening effect upon litmus.. It insoluble in alcohol and 
ether. It dissolves in concentrated sulphufic acid, and is, a<^in 
thrown down on dilution with water. ll is also more soluble 
in concentrated hydrochlorid acid than in water. In nitric acid, 
uric acid dissolves with lively^effelvescenceT, the gases disengaged 
being carbonic acid and pitrogen in equalVoIurnesi TIfe solu- 
tion contains alloxan, alloxantin,* ure^ parabanic acid and 
ammonia. The concentrated liqubv becofhies of a ^purple red' 
(from murexide), when an excess of apimonia is addec^ affording 
a character by which uric acid may be recognised. (Liebig. ^ 

Urates . — Metallic oxides appear to combine with unc acid 
without displacing the basic water of the acid which remains 
in the salt. The urates of the alkalidis •and all^j^ife earths are 
sparingly soluble in cold, but more freely soluble in boiling 
water. Urate of arnraonife dissolves, according to Dr. Prout, 
in 480 parts of water at 60®. Urate of potash forms crystalline 
scales soluble in about 500 parts of cold water, .but is much 
more soluble in boiling water, ftspecially if there be an excess of* 
alkali present. All tlie urates are decomposed by acetic acid. 
Urate of soda forms tthe principal constituent of gouty con- 
cretions. 


ALL^KTOIN. 

Formula: C4HJN2O3, or Cya+SHO (Diebig and Wmhler). 
This is a crystalline substance found in the allantoic fluiS njf 
the cow, and produced artificially by boiling uric acid with tl^ 
puce-coloured oxide (peroxide) of l»d. It is deposited from 
the aUantoic fluid of life cow when dbneentrated by a gentle 
heat to one-fourth pf its bulk, upon cooling, in-qj^stals,* which 
are treated with animai charcoal* and bbtained perfectly pure. 
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In fhe artificial process for allantoin, 1 part of uric ^Acid is 
boiled in 2 parts of water, and the puce oxide of lead added in 
small qualities so long as it changes c^dour. The liquid, filtered 
'boiling, and concentrated by evaporation, deposits allantoin 
in crystals, „which are purified by repeated cry stallizatioi^. In 
the formation of allanteanY 2 atoms of the puce oxide of lead 
lose the half of their o;i^ygen, .which, with 3 atoms of water, 
produces 2 atoms of «>xalic acid, 1 atom of allantoin and I 
atom of urea : 

+ =lat. Urile 1 . 

2PbO 4 O2 V H3O3 4 1 at. Urea ; = 'iric acid. 

2 atoms of oxalate of lead + 1 at. of allant. + 1 at. of urea. 

* * *■ . 

Allantoin^ crystallizes in brilliant colourless prisms derived 
from a rhombohedroRv. It is tasteless, neutral to test paper, 
soluble in 160 parts of cold and in less boiling water. It dis- 
solves in nitric acid; the. solution is decomposed by ebullition, 
w;ithou/i the disengagement of ruddy fumes. It also dissolves 
in a hot solution of an alkali or alkaline carbonate, and crystal- 
lizes from these solutions without change. Allantoin contains 
the elements (01 anhydious oxalate of ammonia, minus 3 atoms 
of water, which explains its conversion by boiling alkalies into 
oxalic acid and ammonia. A Solution of allantoin in 
water at the boiling temperature, to which a few drops of 
ammoipia is «added, gives a white precipitate with nitrate of 
' silver, of which the ciorfipositioA is expressed by CgN^II^O^ -f 
AgO that is, 2 atoms of allantoin, C^N^HgOg, in which 1 atom 
of water is replaced by 1 atom of oxi^ of silver. Allantoin 
has also b.pen naiped allantoic acid. 


AUOXAN. 


Formula, CgN2lf40,Q. It is the e'rythric acid of Brugnatelli, 
imd was discoyered by Liebig and Woehler in the decomposi- 
tion of uri9,acid. 

They recommend for 'its preparation, to add uric acid 
gradually to nitric acid of 1.35, by which it is dissolved with 
effervescence. « The action must be gentle, and, if heat be 
applied^ it must be done cautiously. As soon as crystals begin 
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to appei^r in the warm liquid, no more uric acid is addecT for 
the present, and the whole is allowed to cool, when it becomes 
semi-solid from the separaition df crystals of alloxan. .The mass 
is thrown on a fifnnej stopped with a little asbestos, and, when* 
it has« ceased to drop, the acid liquor remaining in .the crystals 
is carefully displaced by a little ice-cclld water. •The crystals are 
purified by solution in water, .avoiding a st^jong befit, and by 
recrystallizatioip The acid liquid which has drained from the 
first crystals is ^gain treated, above with uric^acid, and in 
tliis way one portion of nitric acid traiy bejnade to yield 4 to 5 
drops of crystals of alloxan. The mother-liquor finally ^efit is 
not lost but yields a large quantity of parabanic acid, oxalurate 
of ammonia, or murexide, if projierly treated. By this process 
Gregory obtains, from 100 parts of uric acul, 65 parts of anhy- 
drous alloxan equal to least DO ef the liydratAl crystals.'^ 
(Turner’s Elem. of Chem. by tiebig aniGregory). 

Alloxan crystallizes in large coloufless octohedrons pf a rhom- 
bic base, having considerable lustre ; •they contain 6* atoms of 
water and are efflorescent. A saturated hot solution gives 
alloxan on cooling in oblique Hiomboidal prisms, which are 
anhydrous. It is very soluble in water, rei^dens vegetable 
colours and stains the epidermis purple. * It is coaverted by the 
action of acids into alloxanic acid, and when boiled with an 
alkali, it is transformed iiAo urea and mesoxalic acid. The puce 
oxide of lead changes it, with the aid of heat, into urea and 
carbonate of lead, mixed with some traces of o»alate jf lead. 
It is transformed into alloxantin by s^il^huretted hydrogen, by* 
protochloride of tin^ or by metallic zinc with hydrochloric 
acid. An excess of aUpmonia transforms it into mycomelinic 
acid, nitric atid inter parlbanic acid, sulphuric acid ^ or hydro- 
chloric acid into •alloxantin, sulphuroi^ acid and aiffmonia 
into thionurate of ammonia- alloxantin and ammonia into 
murexide (Liebig). 

jilloxanic acid {supposetl anhydrous), C4N2HO4 ; is produced 
by the metamorphosis of alloxan by caustic alkalies. The anh||' 
drous acid contains, the elements of half an atonj of alloxan 
minus 1 atom of water*. ; 

Mesoxalic acid (hydtated), or rather, 2 HO 

+ €304,48 one of the products of boiling,a saturated solution 
of alloxaiiate of barytes, or strontian. •Also, when a solution of 
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alloxan is poured drop by drop into a boiling solution of acetate 
of lead, a granular very heavy precipitate of mesoxalate of lead 
falls, while nothing remains in the aci/l liquor but the excess of 
'acetate of lead and ppre urea. Both this and the preceding 
acid may be separated and crystallized, and are powerful acids. 

Mycomdxnic pcid^ CjgNgHjoOjo, is formed on adding an 
excess of\immonia to a solution of alloxan, and raising the mix- 
ture to the boiling point. It is almost insoluble in cold water, 
and is thrown down as a yellow gelatinous pl^ecipitate, which 
becomes a yellow porous powder, on drying. 

^Pambanic acid^ 2HO-f CgN 204 , is one of the products of the 
decomposition of uric^acid or, alloxan by nitric acid, discovered 
by Liebig and Woehler. It is prejiared by dissolving 1 part of 
uric acid or alloxan iii 8 parts df nitric acid of ordinary strength, 
evaporating/ the liquor to q syrup, and, allowing it to crystallize. 

It forms thin, transparent, sk-sided prisms, of a very sour 
taste, resembling that of oxalic acid. It is very soluble in water 
and does not effloresce np the atmosphere nor by heat ; it is 
partially volatile. 

Omlurtc acidy HO-fCgN^HjO^, is formed on adding am- 
mbnia to a boiling solution of parabanic acid, or on supersatu- 
rating with aip/nonia a ^diution recently prepared of uric acid 
in nitric acid, which yields by evaporation crystals of oxalurate 
of ammonia. The acid when sepalated is a brilliant white 
powder, light and crystalline ; its taste is very sour, and it red- 
dens litmus. ^ Its aqueous solution is decomposed completely by 
•ebullition, and resolved cinto ox^alic acid and oxalate of urea. 
It is formed by the combination of the plements of parabanic 
acid with 2 atoms of water. The crystaMized acid contains the 
elements of 2 atoms of oxaljc acid a' id of 1 atoni of urea, and 
may be Considered as uric acid in which the urile is replaced by 
oxalic acid. (Ciebig). 

Thionuric acidy H0 + CgN 3 H 50 g(S 20 e), is a bibasic acid pro* 
duced by the simultaneous action of .sulphurous acid and ara- 
Uprtia upon dloxan. Liberated from thionurate of lead by 
sulphuretted Kydrogen, it crystallizes in verjr thin needles, is 
persistent in air, very soluble in water, and has an acid taste. 

It contains the elements^ ot 1 atom of. alloxan, 1 atom of am- 
monia <tud 2 •^toms^of sulphurous acid. On heating thionuric 
acid, 2 atom*s of ox|gen'of the alloxan re-unite with 2 atoms of 
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sulphurous acid to form sulphuric acid, while the elements’ of 
urile, ammonia and water combine end give rise to uramilo. 

Uramile^ is prepared by adding hydrocljoric acid 

to a saturated and boiling solution of tliionur,ate of ammonia, 
till it is strongly acid; the heat is continued till. the liquid 
begins to become turbid ; it is then a<lo>>^ed \o tool for crystal- 
lization. Uramile crystallizes in» thin and hard,tufts, or presents 
itself in the form of a brilliant white powdef, composed of very 
thin silky needled. It is sparingly Soluble in hot >yater, wholly 
insoluble in cold water, dissolves in*simraonia and caustic aljja- 
lies, and is again precipitated, withoutj alteration, by ^cids. 
A solution of potash and dilute adds boiled upon uramile, con- 
vert it into uramilic acid, disengaging ammonia. . The am- 
moniacal solution of uramile becomes purple-red in ajr, and 
deposits crystalline needles of a gre^n dolour and mcA;allic lustre. 
In contact with oxide of mercury or oxid« of silver, it is decom- 
posed, by ebullition, into murexide, an& at the .s^mie time 
reduces the oxides to the metallic state.* * 

Uramilic acid^ CigNglljgO^g, is prepared by dissolving thionu- 
rate of ammonia in cold water, a*dding to the saturated solution 
a small quantity of sulphuric acid, and evaporat^ng^by a water- 
bath; after a time uramilic acid is clel^osited irj transparent, 
four-sided prisms of a vitreous lustre, or in silky needles. It 
is soluble in 6* or 8 parts clf cold water, a«id in 3 parts of boiling 
water; the solution is feebly acid. In the formation of uramilic 
acid 2 atoms of uramile unite with the elements of 3 adorns of 
water, yielding up at the same^ time the ‘elements of 1 atom of 
ammonia. 


Xlloxantjn. 

• 

Formula : CgNjilsOK,. Alloxantin was first ‘obserYcd by 
Dr. Prout among the products* of the «Jecomposition of uric acid 
by nitric acid, ant^ more lately produced and studied by MM. 
Liebig and Woehler. Several processes are given by the latl|| 
chemists for its preparation. 1. Fi'otn uric acitf. One part^i 
uric add is boiled witlv 32 parts of water, and dilutb nitric acid 
added by small portion%at a time till* the uric add is completely 
dissolved, and the liquor evaporated to two-thirds. "In the 
nnnria#' t\f n few davs. or sometimes a few Hours, *tbe alloxantin 
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is deposited in crystals, which are purified by new crystalliza- 
tions. 2, From alloxan , — It is produced in large quantity by 
carrying a stream of sulphurettej^ hydrogen into a solution of 
, alloxan, * Sulphur is first deposited, and .then the whole 
becomes a thick mass of crystals of ailoxantin, which are ‘ 
separated from sulphur solution in boiling water. The 
alloxantii\. crystallizes by* evaporation in a state of purity, 
8, On exposing i solution of Jilfoxan to the action of the voltaic 
battery, oxygen is evolved af tl^e zincoid, ancV^^lloxantin is de- 
posited on the cliloroid in c/^ystalfine crusts. 

Alloxantin crystallizes in oblique prisms of four sides, which 
are* colourless or sli^Jitly yellow, hard and easily reduced to 
powder; they become red in air impregnated with ammonia and 
acquire a green metollic lustre.* e They are not altered at 
212^’, bat at^l02® (15<V’ centig.) lose three atoms of water; are 
sparingly soluble in cold water, more soluble in boiling water ; 
the solution reddens* f{tnn\;s# Alloxantin heated in chlorine- 
water, or ;ih strong nitric acid, is changed into alloxan ; with 
salts of silver, it produces a black precipitate of metallic » 
silver. It is decomposed by .alkalies ; baryteS“W«ater produces 
ii>. its solution a violet precipitate, which is made colourless by 
heat, and i?. the end /Ik^appears entirely. By the action of 
boiling sulphuric acid, 2 atoms of alloxan are converted, with 
the concurrence of 2 atoms of water,iinto 1 atom of alloxantin, 

3 atoms of oxalic aci(l, 2 atoms of ammonia, and 2 atoms of 
carbonic acid. 

, The •circumstances jof.the fonoiation of alloxantin are thus 
explained by M. Liebig. By the action of nitric acid, the urile 
of the uric acid corpbines with I atom o^* oxygen and with the 
elements of 5 atoms of water, givinjr. rlse^ to 1 atpm of allox* 
antinland*to perdxide of nitrogen, vvhich in contact with 
water concerted in\;o nitrous and nitric acids; the nitrous 
acid is decomposed with^ half of the urea Set at liberty, while 
the othef half of this urea forms witH' nitric acjd, nitrate of urea. 

S riie process again with sulphuretted hydrogen, 1 atom of 
ygen of the filloxau combines wdth hydrogen from the sulphu- 
retted hydrt)gen to form water which reniahis in the constitution 
of the alloxantin ; the sulphur set free i? deposited. 

Produats qf the decomposition of alloxantin , — When a stream 
of sulphuretted hyflrogcn is- carried into a boiling solution of 
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alloxantin, more sulphur is deposited, and on saturating Vith 
ammonia a salt crystallizes in thirr colourless needles, of which 
the formula is CyNgH^Og, •which is considered a coinpt)und of a 
new acid, dialurid rtcW, with ammonia. • This •acid is resolved* 
into new products when liberated by another acid, one of these 
produced by exposure to air and evaporation 6f the solution of 
the ammoniacal salt in dilute sulphuri(f or hydrochloric acid, is 
dimorphous alloe^iiin, a body having rtie same composition as 
alloxantin but a mlfcrent fornii. * (in mingling bolting solutions 
of sal ammoniac and alloxantinj the *ihixturp becomes sudd^^^ly 
of a purple red colour, then gradually losej^ its colour, becoming 
turbid, and deposits colourlcjss brflliant plates of uramile, which 
become rose- red on drying. . TJ:ie liquid jcontains, after its de- 
composition, alloxan and free hydrochlcyic acid, Vtlicn a 
solution of alloxantin is heated wi^h * caustic ammonia, uramile 
and mycomelinate of ammonia are ^rst f»!-n)ed, but are decom- « 
posed into other products by the prolonged action of. ammonia 
and air. • A recent solution of alloxantin in ammonia gradually 
absorbs oxygen from the air, and deposits crystals of oxalurate 
of ammonia. 


MUREXIDE. 

Formula: CiaNgH^jOg (Liebig and Wo?hicr). This beautiful 
product of the decomposition of uric acid was first described by 
Dr. Prout, under the name of purpurate of ammonia* Murex- ^ 
ide may be formed by evaporating a solution of uric acid in 
dilute nitric acid, untif the solution acquires a flesh red colour, 
allowing it tew cool to and then, treating it with a dilute 
solution of ammonia, till* the presence of Iree antraouJa is 
rcmarkedliiy odftur ; the liquid is theli diluted with half its 
volume of water and allow^ed t</<sool. It may also be formed by 
bringing together many of products of ijie action •of nitric 
acid on uric acid, with ammonia, with or without the preseiJcjw 
of atmospheric air. The following method, proposed by Li<ebig 
and slightly modified by Gregory, appears to be the tjasiest and 
most certain, and also most productive. • 

Seven grains of hydrated alloxan and 4 grains qf liloxantin 
are dissolved by boiling in 240 grains of»wat1ijr, and* the boiling 
solution added to 80 grdns by measyre of cold and/strong 

2 u u 
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solution of carbonate of ammonia. This mixture has precisely 
the proper temperature, and deposits very fine crystals of mu- 
rexide. The experiment is not *so successful on a larg^ scale, 
'^probably because the liquid, by remaining longer warm, under- 
go.es a partial change. It is best to try first a saturated solution 
in cold water of'carbonAte'bf ammonia.* If it do not yield good 
crystals, add a little water, and try it again, and so on till a 
solution of the carbonate is obtained, which gi^s a good result. 
The difficultj; is owing to thfc sponta*neous forifiation ofdifterent 
carbonates by the a(;(:ion of Vatet on the carbonate of the shops ; 
buti When a proper solution is obtiiined, the experiment never 
fails.” (Turners Chem. &c. p.‘ 776 ).^ 

Murexide crystallizes in sljor^ four-sided prisms, of wliich 
two fofeSy like the upper wings of cantharides, reflect a green me- 
tallic lustref The crystal?* fjre garnet-red by transmitted light ; 
tlieir powder is reddfeli br9wn, and acquires a green lustre 
under tha burnisher. Murexide is but slightly soluble in cold 
water, but colours it of a ‘magnificent purple ; it dissolves, bow- 
efi^er, i^adily in water at 1 58 ®, and crystallizes again on the cool- 
iqg of its solution; it is insolulfle in alcohol, ether, or in water 
saturated Miith|carbonate^of ammonia. But this substance can- 
not be purified or obtained in crystals of large size, by crystal- 
lizing it from boiling water. For on boiling murexide in a 
small quantity of wut«r for the time necessary to dissolve the 
whole, the crystals become colourless, and upon cooling, a yel- 
low^ gciatino&s matter^ precipitates. Hence, probably, the slight 
uncertainty which attenefs even the best process for the prepa- 
"ation of this substance. Murexide dfesolves in solution of 
lotash, producing a superb indigo blue Colour, wlpch disappears 
vith^tlv3«applicfftion of h6at, ammonia being disfengaged. AH 
he inorganic? adds dc^'onipose murexide, predjiitatii|| from its 
;olution murexan in small bri^fant plates, ^ Sulphuretted hy- 
Irogert •decomposes it immediateljr into alloxantin, dialuric 
cid and murexan, while sulphur is set free. * 

Murexan^ O5N.2H4O5, was named purpuric acid by Prout. It 
5 formed •on dissolving murexide with iheat in caustic potash, 
leating till the blue disappears;^ and tlien adding an 

xcessi oi djlute sulphuric arid. It crystallizes in colourless 
dates, which* have?a silky lustre find are very brilliant, is iiiso- 
iible iji water and dilute acids ; it dissolves in ammonia and 



ORGANIC PROCESSES. OF PLANTS AND ANIMALS* 1011 

Other- jjkalies, in the cold, without neutralising them. *The 
jiroperties of murexan closely resemble those of uraniile. Like 
uramile, murexan boiled with water, red oxide of mercury and 
a little ammonia? yields murexidc. Tlie conrposition of mu- 
rexan and uramile, also, not diffcring^much in 100 parts, Dr. 
Gregory admits it to be possible that ,tlfese twd substances may 
be essentially the same. 


CHAPtER*tl. 

Sl^CTICTN I. 

ORGANIC PROCESSES D*F JlANTS aVd ANIMALS, 

Without descri])iTiir the structi>re of the organs of plants 
nnd animals, I may state shortly ,tlie**]wincipal observations 
\vlu(*]i have been made respecting the food of plants arid animals 
and the clicinical (.'hanges which it undergoes in the animal 
economy, with the relation whiqji subsists between plants an^d 
animals, llesidos secreting the lignin and cellulose which fomi 
the basis of their own solid structure^ plants elaborate in their 
organs various substances destitute of structure, such as sugar, 
starch, gum, resins, essences, fat oils, and the endless variety of 
principles which tlie vegetable kingdom jTresents to the chemist 
for examination. These principles are either contained in the 
fluids of the plant, or are stored up in garricular organs, \)r are 
thrown off as excretions. 

The mode of formation of such principl<js in the plant and 
the chemical iagencies Vy*^ which one pryiciple is transformed 
into another, Imve Ihtlierto ^been very iinpcrieAly traced, awing 
to the difliculty of *the investigation occasioned •both ^y the 
minuteness of the •mechanism* aud th§ obscure natiuc of the 
decomposing forces which Appear to preside in organic changes. 
These forces, so far as we can judge, are chiefly of the catalytic 
class, the azotised albuminous principles of plants having 
.specially the functioif of fei’ments, which react generally upon 
other principles in the^same rnanifeiy it may be supposed, 
as we observe diastase to operate during the geriniAation of 
seeds in converting their starch into gum and sugar. Nature 
appears to have produced and placed near each principlciits pe- 
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culiar ferment, to effect the conversion of the former into new 
substances at the proper season. But the action of ferments is 
, a department of chemistry still in its^infancy. 

Food of P/«/?/^f.-~Witii the exception, of "the provision for‘ 
the first grbwth o( the"* jjoiing plant which exists in its seed, 
the food, of plants appear to be exclusively inorganic. M. 
Liebig has ably'vshown^ that the humus or decayed vegetable 
matter which exists in soils is not absorbe^Uand assimilated 
by plants — 1?he extremely sparing solubility of that substar»ce 
being manifestly incompatible with its absorption in any con- 
sidtraljle quantity, even if humus did enter plants, the 

presumption is that like a solution of gum or sugar absorl)cd 
by the roots, it would pass througji the plants unchanged, and 
be excrete^ by the ^leaves. The admitted value of humus in 
soil appears to depend almest exclusively upon its decomposi- 
tion by the atrnosjiher^, which is greatly assisted by tillage, and 
the formiifion of carbonic acid, wdiich gas dissolved in water is 
taken up by the spongiolcs of the roots, and supplies the plant 
with c%rbon.- , 

'‘The ultimate constituents of all plants are oxygen and 
hydrogen, 'carfton, nitrogen, with a small portion of mineral 
acids and bases in the form of salts ; and the condition in wliich 
the first mentioned sulistances ent^r the plant, adopting the 
conclusions of M. Eiebig, are all the hydroyen^ and most of 
the oxygen^ as water, the carbon as carbonic acid, and the 
nitrog6n as ammonia^ ,A11 thqse matters are derived from the 
atmosphere. 

Waier^ or its ejements in the proporfions of water, enters 
largely into the constitution of vegeWble matter, forming 50 
per «ent hf lignih, and an equally large proportion of the other 
neutral printiples, sfarch, gum, sugar, &c. Certain hydro- 
genated compounds ar^ also « found in plants produced by 
the fixation of thethydrogen of water without its oxygen, which 
ar<r employed by the plant for accessory purposes. They form 
the volatile oils which serve as its defence against the ravages 
of insects*; the fixed oils, or fats, whifih envelope the seed, 
and which serve to devdope heat by burning at the period 
of germirtatioii ; and the wax with which the leaves and fruit 
are coated to render impermeable to water. 

HJari/onic Acid is. found as a constituent of air in a proportion 
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varyiHg^from 4 to 6 lO^OOOths. of its volume. Small as*tliis 
quantity appears it is shown to ejK^eed considerably in amount 
the whole carbon existingkboth*i]i living vegetables «'qid in the 
fossil state as miitcral coal. The variatir^n in ijnc proportion of* 
carbonic acid by night and by day, i^i winter and, in summer 
is rightly judged by M. Dumas to iJe ci siftiple meteorological 
phenomenon, depending upon this gas#being J^roughf down in 
rain, and absorl^ed and retained in largist proportion by water 
in the cold seasolt. The gas dhrectly absorbed from the at- 
mosphere by the leaves, and also ff«n the humid soil by the 
roots of plants. Boussingault observed vine leaves in a gfass 
vessel to absorb completely the carbonic ^acid from the air as 
fast as it was carried to them^ however rapid the current 
through the vessel. M. Boucherie has also observed enormous 
quantities of carbonic acid to escaye*from the trulk of a tree 
cut when in full sap, evidently aspired# from the soil by the ^ 
roots. Under the deoxidating ^influence of ligjxt, plants 
decompose carbonic acid retaining ks carbon for their own 
use, and returning its oxygen to the atmosphere. Their grc'in 
leaves absorb the chemical rays of the sun so completely, as 
to give no image in tlie Daguerreotype.^ Plants tlTiis 
possess energetic means of reduction Vhich catinot be imi- 
tated, for chemists are ignorant of any method of decom- 
posing carbonic acid in^ the cold. .Plants, however, also 
exhale carbonic acid, particularly in the absence of light, and 
this has been supposed analogous to the expiration of c^irbonic 
acid by animals, and depending upon *the respiration of plants.* 
M. Liebig, howeverf» looks upon this exhalation as entirely 
physical, as t!^e escape^^y diffusion into air 6f the carbonic acid 
dissolved in*tlie dirids oi^the planrt, in ihe tbserice.o^f the re- 
ducing light ; the oarbonic^acid being derived by the roots from 
decomposing liumys, and this exhalation most considerable from 
plants growing in a rich «soH. Thu^, at night, plants ^allow 
the carbonic acid to pass through them, without absorbing it. 

Ammomia also finds its w^ay into the atmosphere, being a 
product of the putrefactive decomposition of all azotised bodies, 
and is evolved from them principally the condition of tlie vola- 
tile carbonate. The existence, however, of this substance in 
the air must be transient, as fron^its solubility 
be brought* down to the.earth by every shower. It thug enters 
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the plant by its roots. Another source of ainnfionia animal 
manure, particularly urine, v/hich in a putrid state is rich in 
salts of apimonia. There can be little doubt that nitrogen, in 
‘the form of nitric aciil^ can also be assimilated by plants, as 
appears byithe favourable action of nitrate of soda, nitrate of 
ammonia, and ot^hef nitrates upon vegetation. 

According to ^ the observations of M. Boussingault, the 
Jerusalem artichoke and leguminous plants generally can assi- 
milate the f(ee nitrogen of ‘thC j[itmosphere,^o a small extent, 
buj: the cereals and otli6r plants are entirely destitute of 
that power.* The quantity of nitric acid or nitrate of am- 
monia produced in the atmosphere by lightning, must be utterly 
insignificant, altliough some imppj'tance lias been assigned to 
this as^a source of tlip azotised food of plants. 

Of the fifed earthy and' saline constituent of plants which are 
derived from the soiL«and are found in their ashes when burnt 

, o 

none is rp^rc generally necessary than the silicate of potash^ 
which is jlroduced in moct soils by the gradual decomposition, 
ueider ,>atmo.spheric in^uences of the felspathic minerals they 
contain, or is added in the form of the ashes of burnt wood and 
plants. Earthfj phosphates are quite essential to the cereals, 
and are added to the soil in animal manure ; hence the constant 
remark that the cereals, like the domestic animals naturally 
follow man in his migri'tions. ^ 

The vegetable kingdom is undoubtedly the great laboratory 
in whi^h organic substances are produced, for from the sub- 
* stances enumerated, wat^r, carbonic acid and aratnonia, and not 
from any store of original matter in the soil are the principles 
in plants derived. *The steps of the c^mversion^pf these into 
the organic principles^in the organisrii of the plant'escapc detec- 
tion, but the general character oi vegetable action is of a 
reduciifg nature, such as the Sqn’s light favpurs, carbonic acid 
certainly, and probably iVater being* decomposed, their carbon 
arid^ hydrogen retained, and their' oxygeti returned to the 
atmosphere. « 

Food of Animals . — The organic matterc produced by plants 
form the food of anim^Uj for animal? produce little or no 
organic matter, but on the contrary clestroy it. Indeed the 

•^Ann. dc Chim. ctde Piiys. t. 76, p.,') tind 363. 
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character of the chemical action of animals is exceedingly* well 
defined, and the reverse of that of plants. The animal frame 
may be looked upon as an apparatus of conibiistioii, in which 
the reduced hydrogen and carbon of plants are agaifi oxidated^ 
as in a furnace, and Returned to the atmosphere in the form of 
water and carbonic acid. Tlius are jpustain^d the ?miiual lieat, • 
and the powers of locomotion of animals. car1>oaic 

acid and nitrogen in the form of safts of iflnmonia arc sup- 
plied to the vo^4able wwld. • ^ 

Animals require azotised fpod for their grow4-h, for all tlie 
great constituents of the animal frame,* such as its^ fiferin 
albumen, and casein are azotisqd inattcjfs ; nothing indeed is 
found in the soft parts of tlfe body which is not azotised, exce])t 
water and fat, neither of wlficlfis orgau^ed. For the renewal 
of these parts, a constant supply of iizotis'hd food alstf neces- 
sary, Gum, starch, and sugar, w^iicli^ contain no nitrogen, are 
incapable alone of supporting lilt for aifv considerable period^ 
and aiiinuds fed exclusively upon the datter substai^ees event- 
ually succumb with all the appeavanceii- of death from starva- 
tion. • 

Jle*^piration , — But elementary substances of *thc' amylaceous 
class although they ailbrd no clement to tlfc^ ftody, supply 
carbon to be burned in respiration, consisting as they do of 
carbon with oxygen andjiydrogcn in tlie proportions of water. 
In the lungs of the higher animals, the dark venous blood is 
exposed to air througii a thin and humid mcnib/ane, peniiea- 
ble to dxygcu from its soluWlity ; tVat> gas is absorbetl by thi^ 
blood, and imparts^ to it a fine florid red colour, and the 
characters of arteriai blood. There is no reason to believe 
that any considerable ouSdation opeurs "in the lun^s although 
the gas is dissolved thereby the blood.^ The latter eo»taining 
free oxygen is carried by^ the circulation to the# extreme 
capillaries, where the j}rocfesses of secretion to^ which it 
contributes are most active,* and where it will enter into com- 
bination in largest quantity. Indeed it has been fouitd by 
experiment tha^ vqnous blood absorbs oxygen and becomes 
red and arterial, without producing# the smallest frace of heat. 
Carbonic acid being* formed is earfied by the venous blood 
to the lungs where it escapes, at tne same time^tliat the blood 
obtains oxygen from .the air and is* arteVialised*. From the 
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accufate observations of Professor Magnus on the gases^ qf the 
blood, it appears that bloody gives out from one tenth to one 
eighth of its bulk of gas when placed in vacuo ; that the gas 
obtained from both arterial and venous blood oontains nitrogen, 
oxygen and carbonic acid ; but that while the oxygen in venous 
' blood is at most ^rom oye fourth to one fifth of the volume of 
the carbonic acid, the oxygen ]fi the arterial blood equals at 
least one third ancl som^etimes almost half of the volume of the 
carbonic acid in the same Wood.* , The solvc^it power of the 
serum of the? blood of thg«ox, *fbr carbonic acid was founds 
by Scherer, to l5e double that of pure water; the serum 
dissolving twice its \ulk of carbonic acid, while water dis- 
solves only an equal bulk of that* gas, at the usual tempera- 
ture of the atmosplierfe. 

The *air cjf an easy expiration amqunts to 15 or 18 cubic 
inches, and contains abijut 3^ per cent of carbonic acid. The 
* air of a deep expiratioii contaftis 6 or 8 per cent of tliat gas, and 
will not support the coiqbustion of a candle. According to 
Mr. Coathupe, the quantity of air which passes through the 
lungs of a man of ordinary size,*ln twenty-four hours, is 266^ cu- 
bic feet, of which 20? cubic feet are changed into carbonic acid.f 
The quantity carbon ‘tlf as thrown off daily from the system is 

considerable, and is found by M. Liebig to be in proportion to 
the animal heat evolved and exercise t^ken, and thus varies con- 

^ ^ t. ^ 

siderably in different individuals. The proportion of carbon ex- 
j)ired himself is 6 J ounces daily, by a soldier 13i ounces, by 
prisoners in close confinement 7 (dances, and by a boy who takes 
considerable exercise 9 ounces. In an experiment made on a 
large scale, in whieh the quantity of c?jbon in the food and 
also in the excrements and, urine of sSg, soldiers was ascer- 
tained^ aii5 compared, it was found that the parbpn of the latter 
amounted only to one twenty-seventh part of the carbon of the 
former; and consequently twefity-sjx twenty-sevenths of the 
whole carbon in the food was converted into. carbonic acid and 
discharged by the lungs. 

When the expired air of man and birds js examined, the pro- 
portion of oxygen which has* disappeared has generally been found 
sensibly the same as thaf^of^ the carboni<^acid produced ; while it 
• < 

♦ Annales de CHimie etfde P(jy8ic|ue# t. 65, 18,2. 

t Fhil. Mag, 3rd Ser. v. 14. j», 401. 
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will be, remembered that oxygen is converted into carbonic iicid, 
by the combustion of carbon, witliput any change of volume. 
Such should be the result the .oxygen absorbed in respiration 
is wholly consumed in oxidating carbon^ as it must be wlien 
the food is purely farinaceous ; such articles o/ diet as starch, 
sugar and gum containing already suAicjent* oxygen to convert 
their hydrogen into water, and,rcquirijig oxygen tlierefore to 
burn their carbon only. * 

According to i»me observatiens^ upon which reliance may 
be placed, the oxygen which disappears in the respiration of 
man is always a little more than the volyine of carboniQ aJid 
produced, which would indicate .that a jiart of the oxygen is 
consumed in oxidating othef principles besides carbon, such as 
the sulphur and phosphorus wliich are discharged in an oxidated 
state in the urine ; and to ^ greater extent probably, in oxidating 
hydrogen, with formation of water ' Tn^^he respiration of car- 
nivorous animals, the proportion of* oxyghn which disappears, 
without being replaced by carbonic ^c?id, is consid^able, ac- 
cording to the observations of^Dulong, a fact which may b^e 
connected with the decided excessT of hydrogen over oxygen, in the 
composition of their food. Carbonic acid is also exhaled freftn 
the skin of man and other animals, a% well as fr^rri the lungs. 
The question of the absorption of nitrogen from the air, in the 
respiration of animals, has been finally settled in the negative : 
they are incapable of assimilating that element in a free state. 
(Boussingault : Ann. de Chim. &c., Ixxi, 11^, and 128), 
It is certain, however that nitr%en is ^C(5asionally exhaled from 
the lungs, in a sensible quantity, (Edwards,) and must come 
from the decompositioi^ of an azotised constituent of the blood. 
The fat of ^animals is a**provisioi\ for the sjipply of oxidable 
matter in respiratioyti, and j?peedily disappears in the aBstflice of 
food, without a particle of it Jiieing discovered in the urine or 
feces. Fat is most abundant in herbivorous animals, because 
their supply of food froih the vegetable kingdom ceases in 
winter, and is a provision for their sustenance during \hat 
period ; on the contrj^ry the bodies of carnivorous animals in a 
state of nature are entirely destitute of fat. (Liebig.) 

The following theory bf respiration or of the action of oxygen 
upon the blood, proposed by MM, Duma^ and, Boussingault, 
has a high degree of probability.* Under the influence of the 



J018 


RESPIRATION, ANIMSxL^ HEAT, DIGESTION. 


oxygen absorbed, the soluble matters in the blood are supposed 
tcF be converted into lactic agid, an acid which has been observed 
in the blood by Mitscherlich, Boutrop-Chalard and Freniy. The 
^lactic acii itself becomes lactate of soda, and<indergoing a true 
combustion from combination with oxygen is converted into 
carbonate of so^a. • The last salt is decomposed in its turn by 
a new pf>rtion of lacticj held, ^and the carbonic acid set tree, 
with which the* venops blood comes charged to the lungs. 
The conversion of farinaceous matters into lacHiC acid, out of tlie 
body, by tht action of a ypeciaU ferment, is a fact well uiidcr- 
stftod,; and the disdljarge by the urine, of salts of the organic 
acicls, such as tartrcwces, acetates and citrates, in the form of 
alkaline carbonates, has also long’ been observed. The large 
production of lactic hcicl in the blood, and its conversion liy 
oxidation ii5.to carbonic aerd may therefore be admitted. 

The oxidation occiii;ring in respiration is quite sufficient to 
account foT the unbnal htai, MM. Dulong and Depretz 
observed <ui excess of he/it, in their experiments upon animals, 
\ylucli was ascribed by them, and by physiologists generally, to 
a calorific power peculiar to* the animal and indepcnclaiit of 
respiration. But in these experiments it was assumed that aii 
animal placfeij fn a calorifcieter with cold water, leaves it having 
exactly the temperature with which it entered ; a thing abso- 
lutely impossible, as is^ now known. iThe cooling of the animal 
occasioned the excess of heat obtained in their experiments, 
i, The^animal frame appears thus to have eminently the cha- 
•racter of an apparatus comtustion, by which the complex 
substances which are formed in the vegetable world and serve 
as food to animals/ are converted again^into simpler forms of 
matter, such as c^rboilic acid, w^ater afJid other oxidated products, 
whiefrafe returned to, the atmosphere and to the .soil to become 
again the food of plants.* , 

Digestion . — ^The principal constituents of flesh and the animal 
fluids arc all azottsed substances, namely fibrin, albumen and 


• “ To nioynt to tlic summit of Mont-Blanc, a requires two days of twelve 
hours. During that time he burns on an average 300 grammes (10 ounces and 
2ri8 grains avoirdupois) of carlfjn br the equivalent oV hydrogen. If a steam engine 
were employed to carry him there, it woOld burn from 1000 to 1200 grammes, to 
do the same wojrif/’— jjr la S^atifjue ^vhhnvfue dot ^tren organisds^ p^fetsde 
par M. Dmmas, 



ORGANIC PROCESSES^ Of PLANTS AND ANIMALS. 1019 

cas6ii^ last existing in niilk and being the basis of chtese. 
Two very important conclusions .have lately been drawn re- 
specting the relations of ^thesa substances to each otlier, and 
their origin in th« vegetable kingdom. The first is a \leduction 
from the analysis of these substances !jy M. Mulder, which 
has been repeated and confirmed jA {he dGi^ssen* lalK)ratory, 
namely, that tliesc tliree substai\ces aPeJidentical in coiiipositiun. 
Ihc folio winij are the results of M. ^^ulder’s analyses: 



FIBRIN. 

, AtpUMEN. 

CASEIN 

Carbon . . 


f 

Of Cjigs. 

lyf s<?rum. 


54.5r) 

54.48 

^ 54.84 

54.96 

Nitrogen . , 

15.72 

15.70 

15.8.^ 

15.80 

Hydrogen 

6.90 

J.Ol 

* 7.0!) 

7^15 

Oxygon 

] 

22.8*1 

• 

t 

* 

1 

Phosphorus 

Sulphur 

> 22.82 

22.24 

22.09 


100. 

100. 

100. 

100. 


The proportion of the carbon to the nitrogen in these sub- 
stances is that of 8 equivalents of th5 former tA ^1 ^f the latter. 
I’hey differ slightly in the minute quantity of phosphorus and 
sulphur with whicli they ^re accompanied. They all dissolve 
in concentrated hydrochloric acid, with the aid of heat, and the 
solutions kept for a time at a pretty high teny^erature, first 
assume a beautiful lilac, an(> then rich violet blue* colour* 
At this stage of the (Jecomposition, each of the three substances 
re-acts in the same wy with carbonate of ammonia and other 
re-agents. AVith considerably different physical properties, 
they appear to be jnodificatioiis of a common princii)le,*which 
Mulder names Protein, and expresses by C40II31N5O12 U Liebig, 

byC4sH36NA4/ . ^ . . ... .-K. 

The second conclusion is the observation* of M. Liebig, that 
animals draw these principles ready formed from the vegotable 
kingdom, and do iipt organise them. The parallel vegetable 
principles are vegetable fibrin, a constituent of gluJen first pro- 
perly distinguished by Liebig, and gliften itself, vegetable albu- 
men, and legumin, or as it is termed by LioJ^ig, vegetable 
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casern ; the latter two being identical, equally in properties as 
in composition, with animal i^lbumeii and animal casein. This 
appears by the following analyses ^which were executed at 
%Giessen.** 


VEGETABLE FIBRIN. 



It 

II. 

III. 

(Dr. 

ir. Beifce Jones.) (Dr. Scherer.) 

(Dr. Scherer.) 

Carbon 

. 53.83 • ‘ . 

54.603 

54.603 

Nitrogen . 

. 15.5;>* 

15.810 

15.810 

Hydrogen 

Oxygen 

. \ 7.02 

1 ' 

7.302 

7.491 

Sulphur 
Phosphorus ^ 

V 23.56 

‘22.285 

22.096 


100. 

rr 

100. 

100. 


ft. 

VECJETABLE ALBUMEN. 

i 



From rye. 


From gluten of 


(Dr. Jones), i 

From wheat. 

plants. 

Carbon 

. 54.74 

55.01 

54.85 

Nitrogen i . 

. i;>Ai5 

15.92 

15.88 

Hydrogen 

. 7.77 

7.23 

6.98 

Oxygen 

*1 

c 


Sulphur 

Phosphorus 

•* 

ai.64 

21.84 

22.39 


roor. 

100. 

100. 

e 

LEGUMINsOR VEGETABLE CASEIN. 

GLUTEN. 


• (Dr, Scherer.) 

« 

(Dt. Jones.) 

Carbdn . 

. 51.138 


55.22 

Nitrogen*. 

. 15.C72 


15.98 

Hydrogen 

, . 7.156' 


7.42 

Oxygen 1 
, Sulphur j 

. 23.034 * 


21.38 


100. 

• 


100. 


«■ * *' 

The vegetable and corresponding anWal principles are also 


Annaleii derV^iiiuiie uod Pharumcic, xuix, 12!>. 
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accompanied by the same inorganic substances, in small quan- 
tity, namely magnesia, phosphoric .acid, lime, iron, alkalies and 
sulphur. They evolve tha same foetid odour when heated, and 
give the same volatile products contairyng sqlphur and plios-* 
phorus. 

Animals thus obtain the constitufente of their bodies from 
plants, if herbivorous, or fron> the *b4)dies of other ilnimals, if 
carnivorous, aq^ merely assimilate orgiinic principles without 
organising them.^ For the*azptised vegetable principles take a 
new form in the animal organism, ^thout any ciSange in^beir 
chemical composition. The albumen, filyin and caseimof the 
animal system also admit, from •the identity of their ultimate 
composition, of being readily converted one into the otlier, 
according as each is required in the ainmal economy^ Ani- 
mal digestion comes thus»to be dej]^i\^d of much of lits mystery. 
M. Dumas has thus expressed himself ttvery lately, respecting 
that process. * * 

Digestion is a simple function of# absorption. The soluble 
matters pass into the blood, for the most part unaltered ; the 
insoluble matters arrive in the chyle sufficiently divided to be 
aspired by tlic orific^es of the chyliferous vessels.^ Digestion ims 
evidently for an object to restore to tlid blood, a#matter proper 
to furnish for our respiration the ten or fifteen grammes of 
carbon or the equivalent •of hydrogen, .which every individual 
burns per hour, and also to provide the gramme of nitrogen, 
which is exhaled every hour, in part by the lungs* and ^kin, as 
well as I)y the urine. Thus, ahiylaceolis* matters are converted 
into gum and sugar ; the saccharine matters formed are absorbed. 
The fat matters are diV^led, form an emulsibn, and so pass into 
the vessels, io form dfterwArds depo«its, whichathe blopd takes up 
and burns, when they arc Required. Tim neutral .azoti*sed mat- 
ters, the fibrin, albumen and #qasein, first dissolved, then pre- 
cipitated, pass Viicrhiv divided or .dissolved 

anew. ^ 

“ An animal, therefore, receives and assimilq,tes almost un- 
touched, the neutVal azotised matters which he finds lysady formed 
in the animals or playts Upon whieji he lives ; he receives oily 
substances which come*from the same sources, and also amyla- 
ceous and saccharine subst^nce^ of Jhe fame «djigin. These 
three orders of matters; of which the, origin is always yace;pble 
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to the plant, divide themselves into products admjtting of 
assimilation ; into fibrin, albjumen, casein, and oily bodies, which 
serve to increase or renew the organs v and into combustible pro- 
• ducts, sugar and the opy bodies, which are coasumed in respira- 
tion. An animal thus assimilates, or destroys ready formed organic 
matters; it crea/es*notbin^-.” 

Although the usual /dnctiou of plants is to act, under the 
influence of the solar rsiys, like apparatus of recjuction, in which 
water, carbonic acid and ammonia are decomposed, yet in some 
circumstanced, they act differently and more like animals. In 
th^ germination of t*n^ seed, much heat is produced, with the 
formation of carbonic* acid and water. The starch of grain in 
malting is observed to pass first info gum, then into sugar, and 
lastly to disappear,' producing carSonic acid. Sugar thus seems 
to be tlic a{f;nt, by means*of which p'ants as well as animals 
dcvelope the heat they, require. The fecundation of plants is 
'always accompanied by heal, 'the flowers respiring and producing 
carbonic acid. They rfivst, therefore, consume carbon; and 
afcordingly we find that the sugar in the stems of the sugar- 
cane has entirely disappeared lifter the flowering and fructifica- 
tidn are completed. The shot beet, turnip and carrot con- 
tain no longei; a trace of s'ugar in their roots. The oils accumu- 
lated in some seeds appear to serve, like the fat of animals, to 
support this respiratjon, and to sijpply tlie heat, by tbeir 
combustion, w'hich plants require at certain periods of their 
growthj and for the discharge of certain functions. 

‘ The curious observation has alko bctai made by M. Morren, 
tliat certain green animalculie found in st^nant water, perform 
the usual function of the green parts of v^tables,, decomposing 
carbonic qcid and evolving oxygen, llnder'the inflhence of the 
light (Tf the sun. Thp proportion 6f free oxygen in the uater 
is frequently raised, by their action from 30 to 56, or 57, 
or even to 61 per cent,* while carbonic acid disappears in a 
corresponding projiortion. It is in 'the enc'helide monad, (of 
Bory,) only, and some other green Miimalculte higher in the 
series, that Jhis phenomenon is observed.*. 


*Ann. de Cliim. etde Pliys. 3 sci*. 1, 45( 
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SECTION II. 

MODIFICATION? OF PROTEIN: ALBUMEN, FIBRIN, CASEIN. 

ALBUMEN.^ 

Tliis substance forms the whitfc of eggs, whepce its name, and 
is the principal ;‘?cjmstituent of blood ; it is hlso found in many 
fluid secretions, and in neafly^aft tHe solids of the jinirnal body. 
It exists in two conditions, soliJble, it is jin the animal fluijls, 
and insoluble or coagulated, when heated tir 158\ ® ^ 

Uncoagulated albumen njay bd prepared by evaporating the 
clear scrum of blood, or white oij egg, by^a heat of 120^, till it 
dries up and forms a yellowish transparent brittle mass, lik/3gum. 
This is reduced to pow^def, and wa?Jicd successively •with ether 
and alcohol, wliich dissolve out the fat/^fealts and other foreign 
matters in the scrum or white of egg. • , 

Dry albumen first swells up in water, then forms* with it a 
glairy colourless fluid, which is jiearly tastelej^s. At IdO'* t}%e 
dry albumen begins to lose its transparency, and at it 

changes into a white coherent mass, ip which tlje albumen has 
passed, ^to the insoluble condition. Wlien dissc^Ived in water 
it coagulates at 158‘’ ; a very dilute solution, however does not 
become turbid till it is boiled. Albumen is thrown down from 
solution, in a coagulated state, by alcohol, creosote, by acids 
particularly nitric acid ; by n^ctapliosphoric acid,** but ./lot by 
the otlier liydrates of phosphqric acid, nor by acetic acid. The* 
precipitates with aciefs are definite compounds of albumen with 
the latter. (Soagulatcl^f albumen also forms compounds with 
acids, which are insoluble in an <ixcess of i4ie acid,^ l)ut are 
soluble in watet. Dilute hydrochloric acid precipitates albumen, 
the concentrated Acid wlien ttciated dissolves the coagulum, of 
a lilac and then of a deep Blue colour,^ as it also dissolves fibrin 
and casein. Albumen is precipitated from its solulile (com- 
pounds with acids, by the ferrocyanide of potasPiiurn. Coagu- 
lated albumen dissolves in caustic alkalies and neutralises 
them ; the solutions arp precipitated by soluble metallic salts, 
and insoluble albuminates of the metals formed. 

. A solution of albumen iii^watej is ppeciiAtated-'by acetate of 
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lead, and many other metallic solutions. Insoluble co^npounds 
are formed, one of which 4s of considerable interest, that of 
chloride pf mercury ; as albumen is iiad recourse to as an anti- 
dote to corrosiv /=5 sublimate, the white of on6 egg J)recipitating 
about four*grains of that salt. To form the albuminate of chlo- 
ride of mercuriji, a** solution of corrosive sublimate is added in 
excess to a solution of vUmmeii, and the white flaky precipitate 
is collected on a filtei and washed. It is s^'ghtly soluble in 
water, resembles the curd bf hi.dk*and is in^pid ; it dissolves 
in a solution of cpmmof/ saltv Lassaigne finds that when 
heq^ted it coagulate^? ; the albumen appearing to al)andori 
chloride of mercury,* at the i;ame time, which may afterwards 
be dissolved out by ether. It consists, wlien dried, according 
to the^same chemist, of .93.4 parts of albumen and 6.6 parts 
of chlorid# of mercury, *ii^ 100 parts. Chloride of mercury 
forms a similar compound with fresh fibrin. The solution of 
albumen js also precipitated by an infusion of nutgalls. 

Solublfi albumen dissolves phosphate of lime, a salt, of which 
about per cent may be separated from coagulated albumen 
by dilute hydrochloric acid. ‘ Metallic silver is blackened by 
albumen, whi^*h always contains sulphur, whether the albumen 
is soluble at in the fegg and blood, or insoluble as in the 
hair. 


FIBRIN. 

• This principle is coYitftined bjr the living blood in a soluble 
state, but soon coagulates when withdrawn ffom tho blood 
vessels. It forms the clot of coagulatecj^blood, and constitutes 
inusQular^fibre. ,It ft obtained in •Ihreads on sVirring newly 
drawn Iilood with a §tick ; or by pressing#the (joagulum in a 
small stream of water, till it beepmes colourjess and consists of 
soft fibres. It is purified by washing it with ether, or warm 
anhydrous alcohol Vhich dissolves oiit fat. * 

Fibrin affects a remarkable kind of aggregation, the globules 
of which it is composed, attaching themselves to each other by 
their ends, so as to form threads or fibres. In the humid state 

f 

It possesses the characteristic softness and elasticity of the 
flesh of animals, apd contains about three-fourths of its weight 
of water. It may be deprived o^ this water in diy air, and 
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tlien i>ecomes a hard and brittle substance ; but, like flesh, it 
imbibes water again when moistened, and recovers its onginal 
softness and elasticity. It always leaves, like albunjcn, when 
burned, a portion of phosphate of lime. , • , . 

Fibrin is insoluble *in alcohol, ether and water, \Vhen boiled 
for a long time in water, particularly^uivler ^re»surc, its nature 
is altered and it becomes soluble. C(^gulated albumen com- 
ports itself in ^he same way. Fibrin forrAS compounds with 
both acids and bases. In coi\centpatcd acetic acid it swells up 
and forms a transparent coloiM*lcss»^lly, which (fissolves in a 
considerable quantity of boiling water, 'fliis solution is pre- 
cipitated by ferrocyanide of potaasihrn. iw other concentrated 
acids fibrin undergoes a si^iilar change. Fibrin dissolves in 
caustic alkalies and neutraHscs tliem. It *is senarated from 
them by acids, and precipitated. , 

The fibrin of venous blood maj l^e i^rfitircly dissolved in a 
solution of nitrate of potash, althougli not*without ruj)l)ing in a 
mortar and digestion in the cold for %(finc time. Thh solution 
is coagulated by heat, and greatly resembles a solu^on 
albumen, (Berzelius, Scherer). This solubility iu nitre is not 
possessed by fibrin from the following sources : arterial blood, 
the ^M>ufty coat,’^ and that obtained by •stirring Wood, nor by 
fibrin after exposure for some time to the air, or fibrin boiled in 
water for a few minutes, #or digested ii^ alcohol. M. Scherer 
observes that, when in the soluble condition, fibrin is a liiglily 
alterable substance, absorbing oxygen readily ifnd ej^iitting 
carbonic acid ; but after beii% boiled for a few minutes it 
produces no carbonic acid in an atmosphere of oxygen gas. 
He concludes that filijin, although always insoluble in pure 
w^ater, has still an un^oagx&ated and coagulateil condition,* like 
albumen; that it is uncoa^ulated in tlie»clot of venous blood, 
and when soluble. in a solution of nitre; but coagulatdtl as it 
exists in arterial blood, fr«n ^ the absdrption, he supposes, of 
oxygen, and after •being bfiiled for a few nunutes, or tre^^ted 
with alcohol. The decomposition of peroxide of b^Mlrogen, vvitli 
evolution of oxygen gas is occasioned, he finds, by fi'csh fibrin 
from all kinds of blood, but not byjboiled fibrin ; nor is tlic 
decomposition produced ,* it will be remembered, by coagulated 
albumen, A solution of venous fibrin m nifre, cohtained in a 
deep cylindrical jar, allows a prccipitiite in fine fl8cks^j:o fijll, 
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wheh the jar is open, l)ut not when it is covered and , Recess 
of air prevented. This precipitate is insoluble in the solution ot 
nitre, and possesses tlie properties of, arterial fibrin.’^' 


PROTKIN. 

Foniiuta : (Mulder). When al])unien or 

fjlirin is dissolved in p, moderately strong solution ui eaustie 
potash, and heated to about liJO'*, fhe sinall^)ortions ot jdios- 
phorus and svdplmr \vliicl\,it contains, arc separated in tlie torin 
of‘pbpspliate of ])off^sh and siilpliurct of potassium ; and wlien 
this solutionis saturatied with .acetic acid, a gelatinous sul)stancc 
precipitates whiel) is the same frdm both fil)rin and albiiiiien, 
and constitutes ))iotein. After Iveing washed, protein is still 
gclatinV)ns,^)f a grejhsij colour, and^scmi-trans])arent. When 
dried it is yellowish, J^^ird, casilv pulverised, tasteless, insoluble 
' in water and alcohol.’ Lilee 'albumen and fibrin it is not fusible 
by heat witl)out deeompcjfiition. 

^ All)urnen and fil)rin may be considered as compounds of 
])r()tein with sul]))uir and phosphorus in dificrent ])ropor- 
tions. Mulder found in fibrin and in the albumen of eggs 
from 0.3 r> tb,(5.3S pera^int of free sulphur, with from 0,32 to 
0.-13 per cent of free jdiosjdiorus, which quantities of these ele- 
ments are in the proportion of SlVi» lu albiunen from the 
serum of blood, 0.08 per cent of sulpluir, and 0.33 per <;ent of 
pliosphorus twere found, or S^Pi. The composition of these 
•substances is tlius represented li^ Mulder : 

Fibrin, and thp albumen of eggs . 10 Pr-f S Pj 

Albumen of serum . . . . 10d\-f-S2Pi 

The oxides cif lead and silver likewise eoin^nne ^with 10 atoms 
ot profein. The globulin of ^Wood, vcgetc>l)le all)uinen5 and 
the casein of milk, treated with alkalies, in the same way as 
fibrhi and albumen, give also a protein vvliich is identical in 
composition ajid properties with the foregoing. 

M. Lielvg has adopted for protein the foritmla 04^113^, 
wliich is different from^th'at of Mulder, filthough equally coni- 
• 

* ^chereFf \^nU‘rsufhunfrm, AunalcD tier Cbeinic, Ac., 

X., October), 841), 
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pB-til^c witli tli6 cinD.lyticcil results* It gives tlic coinpositii)ii of* 
pAteirf, per cent. 

Carbon 
Hydrogen , 

Nitrogen 
Oxygen 

iOO.OOO. 

M. lJumas represents the cpmp(isj[tion of protean (liHercntly, 
I am not aware upon what autht)rity, rffesigning to it iftorc 
oxygen, than Mulder and. Liel)i^ His formuljf is 
; wliicli is 4 ^ atoms of carbon with the clcrnciits 
of h* atoms of ammonia and'‘ot'^7 atom* (jf water. The com- 
bustion of protein and. all its ccjinpoifrids is ^cct?d witli 
difficulty in the combu.stion tube ; to^ J)urn the carbon com- 
pletely, M. Scherer found it qufte ncc(?ssary to mix chlorate 
of potasli with the oxide of copper, or to burn with oliromate of 
lead. 

Protein coinl)ines with both •acids and bases, and is so]uf)le 
in all acids when highly diluted. In combining with aciefe it 
forms new compound acids; with sulj)huric •eidtii^Bulpho-prolek 
addj Pr-f SO3. It combines also with 21101 . Ckloroproidc 
acid^ Pr-I-C103, is forme^l on passing clilorine gas through a 
solution of albumen, and precipitates in white flocks. The 
same compound is formed by the action of chlorvie on ammo- 
niacal solutions of casein aud^ibrin (Miflder). 

Xanthoproteic aciil, 2 liO + C34H24N^Oi2 (Mulder), is formed 
when albumen, or an^ other pro tcin-com pound is digested in 
nitric acid. *The albumefr, &c., dissolve of a ^^ellow colour, with 
escape of nitj^’ogeij gas, ftnd the formajion of oxalic* aeid and 
ammonia. Two ^atoms of j^otein, 1 of water, and 2»<)f nitric 
acid, yielding 3 of oxalic ^ci(f,*2 of aaimonia and I of liydrated 
xanthoproteic ackl as represented above. ^Vfter bei^ig* washed 
with boiling water, this acid forms a tasteless orange- V^llow 
powder, wliich comj^ines equally well with acids as with bases- 
The salts contaiaiiig the last disswlvc in water of a dark red 
colour. * 



. ^ . 55^12 

. • . ’ G.827 

^ ^ . Wl.l 13 

• .* *. 21.^88 
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tein-Qompound is completely decomposed, and ammonia, 
carbonic acid, formic acid, and three azotised bodies, are formed: 
leucin, protid and erythroprotid.^ The alkaline solution is neu- 
tralised with sulphuric acid, poured* off fron\ the sulphate of 
potash which precipitates, evaporated to dryness, and the mass 
‘boiled with * alcohol, Ery{hroprotid^ is first deposited, as a 
reddish brown extractiform mass. This substance, as it exists 
in combination with oxide of lead, is expressed by CjgHgNOg, 
Later, the leucin separates^ in. a crystalling state. Protid^ 
Ci 3 lIgN 04 , which is a yeHjf)wislf uncry stallizable brittle sub- 
staifce, remains in solution, with formiate of potash. The 
leucili crystallizes in br^liant plates, like cholesterin, is inodor- 
ous* and tasteless, and sublimes unchanged at 338°. It is but 
slightly soluble in ivater, and still i 4 ^ss soluble in alcohol. It is 
not decbmp^-^ed by atkalie§. It combines with 1 atom of the 
protoliydrate of nitric acid, aAd becomes nitroleucic acid^ which 
forms crystalline saltifcontauif ng 1 atom of base, without losing 
its leucin. The same substance is also formed by the digestion 
of a protein-compound in sulphuric acid. 

CASEIN. 

The curd«orc coagulabie portion of milk has been named 
casein and also caseumi it is a principle having considerable 
analogy to albumen, coagulable by rennet but not by a boiling 
temperature. Sweet milk contains its wliole casein in solution, 
with globules ^of fat in a state of suspension, which last rise to 
the surface in the form of «oream, lor are separated, by agitation 
of the milk, in the form of butter. The ijiilk contains also in 
solution a considerable quantity of lactime or sugar of milk 
(page to which the casein staiuk in the relafton of a fer- 
ment. ‘ Tbe latter soon begins, probably after being affected 
like othqr fernients by the air, to convert the lactine into lactic 
acid (page 809). Milk thus sfjont^neously becomes sour in 
open vesii^ls, and itc casein is at the same time coagulated by 
combining with lactic acid (Fremy). 

Casein combines with other acids, besidcs.the lactic, and is 
best prepare*d according to IJraconnot, by adding dilute sulphuric 
acid to skimmed milk ; a Vhite coagulum is formed, the sulphate 
of casein insojuble in water, which may be collected and washed 
upon a filter.* It is ‘aftei^wardS digested ^ith carbonate of lead. 
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wliicl^ abstracts the sulphuric acid, and the casein becoftiing 
free is dissolved by the water. The solution of casein is eva- 


porated to dryness, the *dry matter reduced to powder and 
digested in boili«g ether, to dissolve out fat^ the residue of» 
casein is afterwards* dissolved again in water, and j)recipitated 
by the addition of alcohol, to separaiCeit frcsn pther matters.* 
When dry, casein is yellowishi like giyn, insijpid, and does not 
dissolve again yjadily in water. Its solution is also yellowish 
and somewhat 'viecid, and s/rfelb like boiled milk; left to 
itself it putrifies and smells •like •gld cheese. ^It comports 
itself with reagents very like albumen ; .it is precipitatjsd^by 
acids, even by acetic acid which does not^affect albumen, ^he 
precipitates formed are soluble in an excess of their acid, and 
also, it is said, in alcohol. Like albumen, cas&in exists both in a 
liquid and solid form. It« coagulation is clfected hy^rennet^ the 
inner coat of the ealfs stomach, after it.is well washed in hot 
water. Skimmed milk placed in coiltactwnth a small jportiou of 
this membrane, or mixed w’ith an iirfflsion of it, afitl heated 
to 90‘' or 100", is thickened, and coagulates so completely thjt 
not a trace of the casein remains dissolved in the whey. *1 his 
action of rennet is that of the pepsin it contains, hut how flie 
latter operates is unknown. Berzelius* observed ^hat 1 part 
of the membrane, washed and dried, placed in 1800 parts 
of skimmed milk gradurilly heated uji^ to 122", occasioned 
complete coagulation. The membrane taken out afterwards, 
washed and dried, was found to have lost 6 per cent of its 
weight- The coagulum, raixefl with*t!lie fat orl^utter, in sweet* 
milk, strongly compressed and dried, forms cheese. The at 


may be dissolved out dj the latter by ether. * 

Coagulated casein-is insoluble o» only Vcry^sparingly sqIuD e 

in water. It dissolves e&sily in dilutee warm.vmegaf an 
alkalies. Casein .always lea^jeg behind it, on incineration, a 
portion of phosphate of lime,. which lAilk contains m 
able quantity. CaVin coiitains a little sulpimr but no pi • 
phorus, in chemical combination. It belongs to t ie c as. ^ 
protein compound’s, and may be considere ^ 

10 atoms of protein with I atom of Juljdvur. s Y 

vegetable Icgumin (page 912) has already been more than 


^^WhenSlk is heated in an open, vessel, it soon Incomes 
covered by a pellicle compo’sed of insoluble matter. M, Scherer 
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fin<te that the pellicle is formed by the absorption of^Oi>cygen, 
and does not appear upon milk heated in an atmosphere of car- 
bonic acid. 

Fresh and pure* blood-serum, mixed with twice its weight of 
distilled water, and a small quantity of a solution of caustic 
alkali, soon losQs adl alkalflne reaction, and on heating to the 
boiling p8int, the coagulation af the albumen no longer occurs ; 
but the solution when, heated beconnes covered by a pellicle, 
like milk. M. Scherer considers , this as the Conversion of albu- 
men into casYdn, the j)elli(^(? agreeing closely in composition and 
proj^erties with the pellicle from heated milk. 

M. Scherer also finds soluble casein, always to leave, when 
burnt, a highly alkaline ash containing much lime, but in the 
coagulated state tb Teave a neuti^l ash. Tlie solubility of the 
casein he, ^liercfore,' ascribqs to its oombinalion with an alkali, 
and its coagulation to,, the saturation of that alkali. The acid 
‘ whioli saturates the rfikali itpjicars to he the lactic, j)roduced by 
the change of the sugar 6f,milk, under exposure to air, wlicn the 
milk i^ heated. 


SECTION III. 

PEPSIN, GLOBULIN, HEMATOSIN, GELATIN, CHONDiUN. 

PEPSIN. 

I’liis is a pdfculiar ‘ar/imal prRiciplc secreted by the stomach 
and present in the gastric juice. It is. usually prepared by 
infusing the mucous membrane of the/fourth stomach of tlie 
calf, >vhich is kngwn As renvet, and obtained fr(5m this source 
is distinguished by tljjc power which it pti^sscssps to coagulate 
milk. cThis property the infusioq loses when, boiled, indicating 
a relatioii between pepsin and albu/nen. The infusion, aided 
with a few drops of hydrochloric acid,‘ and kept at 80 or PC", dis- 
solves completely portions of albumen boiled hard, bf fibrin or 
boiled mea^ in the course of from 12 to. 24 hours. By means 
of this agent the process (if animal digestion has been imitated 
perfectly, out of the Body, by EbeAe, Schwann and other 
physiolbgicak jnquir/5rs. 

Ihe ^ most precise information we • possess respecting the 
nature iuid production oi jv^psin has been obtained by M. 
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Was?mann, who first succeeded in isolating it ; Ids observations 
were nftide upon the mucous membrane of the stomacli of the 
pig, which greatly resembles tliat of man.=^' The organ which 
secretes the gaj^ric juice consists of glances of a “particular^ 
nature contained in* the mucous memBrane V)f a portion of 
the stomacln hen this menibraj|4e is ^ligcstecf in a large 
quantity of water at from <S(]‘^^to 95^, without beinif cut into 
pieces, but after being w^ell washed, water extracts from it a 
variety of )j(attcr^I)esides |icpsia;^but if this water be removed 
and iresh water added and the^ digestion continuod in the cold, 
nothing almost dissolves now except pepsin. The operation 
may be continued with new portmns of v^’ater till tlic memlft’ane 
enters into putrefaction ; \¥ater extracts pei)sin at every repe- 
tition till at lust notidng ytmAiiis but fi tissue, from wliich 
hydrochloric acid takes up no matter.capahle of dis^olviifg hard- 
boiled albumen. 

The solution of pepsin, thus •obtaincid from the glandular 
inemliranc, is colourless, somew liat visvid, and is eap?*ble, if ren- 
dered acid by hydrochloric acid, of dissolving solid albumen very 
raj)idly. It contains liesidcs pe^xsin a little albumen, wfiicli (*aii 
l)e se[)arated from the acid solution by ferrocyaiiide of potassi^im, 
a salt which does not precipitate pepsin, or# b\» lieating tlie 
solution, if not very dilute, to 170 % or to 212" without boiling ; 
the coaguhitetl albumen^ is then deposited in lloeks, with a 
little iiuxlifieAl casein. The filtered liquid is no longer viscid, 
but preserves the property of dissolving solid plbumcn with 
the aid of a little liydroehlurie acid.## AVlieii boiled it l>econi(is 
turbid again, and pluses entirely tlie power to dissolve the 
albumen. For wheii the coagulated flot^ks are dissolved in 
acetic acid, /they rti) solvent^ actioiH onjiard white of egg, 

even with the concurrence? of liydrochloric acid; flie »(3lution 
of coagulated* pej^xsiu in acetic acid is not precipitated Jjy ferro- 
cyanide ol potassium. 

Pepsin thus £ 4 >pcars to Ite a substance# sparingly solul>]e in 
w^atcr. AVhen its solution is evaporated to dryness, •there 
remains a browi^, greyish, Auscid mass with the odour of glue 
and having the appearance of an extract. The sdlution of the 
latter iu water is tflrbid, and stiH |W)ssosses a portion of the 
cliaracteristic power of pepsin, hut greatly ^reduce^d. On adding 

l’harni; 4 (’. cciitr. Blutt. 182!^. p- .14 iX 
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to a tresli solution of pepsin 1 or 2 volumes of strong alcohol, 
tlie pepsin is precipitated in white flocks which may be collected 
on a filter. The alcoholic liquid filtered, gives on evaporation 
^ brown lieliques(?ent residue, which redden^s litmus and is 
entirely deprived* of digestive powers. 

• The precipitate of pepia^n forms white flocks, which, upon 
drying oni the filter, produce a grey compact mass. When 
moistened with \Vat;er, it swells up and dissolves in a large 
quantity of water. It dissolv^^s onorq easily irvr wate#acidulated 
with acetic oK any other acyd ; jliis solution is not disturbed 
by ferrocyanide of pfotassium, and possesses in a high degree 
the power of dissolvi/ig coagulated albumen. A solution of 
driefd pepsin in pure water is rendered turbid by ebullition, 
and loses its solvent power for aliments. 

Man^ mej^llic salti^ precipitate pepsin, although not entirely, 
from a fresh solution of ^ the membrane ; such as protosulphate 
ef iron, sulphate of copper, ‘afcetate of lead, chloride of mercury 
and protocbloride of tin.# ^Pepsin may again be separated from 
these precipitates by exposing them suspended in water to a 
stfeam 6 f sulphuretted hydrogen 5 but a portion of the acid of 
the/netallic salt remains in combination with the pepsin, forming 
a compound*wlitch has a t»^ell marked acid re-action on litmus, 
and possesses the solvent powers of pepsin in a high degree. 

Acetate of pepsin may be obtained by decomposing the 
precipitate obtained with acetate of lead, by means of sulphu- 
retted hydrogf n, then evaporating the solution of pepsin with 
caution to a syrupy co^ishitence, ♦and treating it with alcohol. 
The acetate of pepsin remains undissolved by the alcohol, in 
the form of white flocks, which become a mass, on drying in 
the air, resembling gum. does ndt attract humidity, but 
dissolves easily in water, with an acid reaction. A solution of 
the driec^ acetaic in 60,000 times i^s weight of, water, to which 
a little hydrochloric acid •is added, (Jisssolves white of egg in 
the course of six or •eight hours. 'Alkalies appear to destroy 
the specific solvent power of pepsin. 

Hydrochlorati of pepsin is obtained oq. precipitating the 
infusion of the mucous mend}rane by chloride of mercury, de- 
composing the precipitate^ aVter being washed, by sulphu- 
retted hydrogep^ and^ mixing the filtered liquid which contains 
the pepsin with alcohol, By which the hy/irochlorate di pepsin 
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is *l§ft undissolved, like the acetate of pepsin. It possesses, 
properties analagous to those of the acetate, and its solution in 
water dissolves coagulated^ allximen very rapidly. The alcoholic 
liquor above possesses no solvent powejr; wlien evaporated to 
dryness it leaves a residue which resembles an extract of meat. 

In regard to the solvent pow^eff^ of pepshi for ^coagulated 
albumen, it was observed by M. Wasmann that a liquid which 
contains 1 .7 t^ousayd parts of acetate of pepsin and G drops of 
hydrochloiic aci4 j^er ouBce, f)0s%esses a very sjtfisible solvent 
power, so that it will dissolve fi thift»slice gf coagulated albuinen 
in the course of 6 or 8 hours^ digestion. With 12 drops of 
hydrochloric acid per ounce the? white ftf egg is dissolved in 2 
hours. A. liquid which contains ^ grain of acetate of pepsin 
and to which hydrochloric atTid and white^of* egg are alternately 
added, so long as the latter disscJviSs, is capable flf dissolving 
210 grains of coagulated white of egg at^a temperature bctw^ceu 
05" and 104" It would appear, fryoni sucfi experii§cn4;s, that the 
hydrochloric acid is the true solvent, and that the action of the 
pepsin is limited to that of disposing the white of egg to ^issolVcf 
in hydrochloric acid. The acid wdien alone dissolves w'hitg of 
egg, by ebullition, as it does under the influence^of pepsin ; from 
w^hich it follows that pepsin replaces the effect hf a high tem- 
perature which is not possible in the stomach. The same acid 
with pepsin dissolved blciod, fibrin, meat and cheese, while the 
isolated acid dissolved only an insignificant quantity, at the same 
temperature ; but when raised to the boiling poini: it dissolvec^ 
nearly as much, and the part tlissolvecl appeared to be of the 
same nature. The epidermis, horn, the elastic tissue (such as the 
fibrous membrane of ^le arteries) do not dissolve in a dilute 
acid containing pepsin. • 

M. Wasmaijn has remarked that the pepsin o^ the stoinacti 
of the pig is entijely destitu^^of the power to coagulate milk, 
although the pepsin of th# stomach o*f the ^calf possesses it in 
a very high degree, from ^hich he is led to suppose tha^the 
power of the latter depends upon a particular modification of 
pepsin, or perhaps upon another substance accoinjianying it, 
which ceases to be formed when the! ygung animal ceases to be 
nourished by the milk of its mother. 

h^matosin. 

The blood so loiiff as it flows in the veins consists a clear 
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liquid Vith floating globules observed by the microscope, winch 
in the higher mamrniferoiis animals are lenticular and circular 
or elliptical jin form, of an orange red colour, and marked with a 
cblourless spot in centre, or nucleus. From these globules 
Jierzclius derives two of the most characteristic constituents of 
•‘the blood hernatos^ii and glofeulin, which are botli closely related 
to albumen'. The clear lirpior of* the living blood, on the other 
hand, is composed of 'two principles idreudy considered, namely 
fibrin and albumen. 

Tg prepare, heinatosin blp^d which has been freed from fibrin 
by storing it well, is mixed with G times its bulk of a saturated 
solution of sulphate of»soda, iiv which the l)lood globules are 
insoluble, and tbe latter collected dn a filter. The darlc-red 
gelatinofis mass is boiled with afcolifel, to wliicli a little sulphuric 
acid has beCn added. The^ heinatosin is thereby dissolved, 
>,Yliile the globulin renujins in combination with sulpluiric acid, 
as a colourl^s or grey massf. ' The alcoholic solution while yet 
liot is mixed with carboliutc of ammonia, and filtered from sul- 
'jilfatc of ammonia and some globulin which precipitate. The 
solution is reduced to about l-Tith by distillation, whereby the 
hematosin remains as au insoluble pulverulent residue. 

llematosiu is of a dafk^^rown colour, tasteless and insoluble 
in water, alcohol, and ether. It dissolves of a red colour in 
alcohol containing cith(;r an alkali or m\ acid. In a([ueous solu- 
tions of the alkalies it dissolves of a dark blood-red colour ; it 
is insoliiblc ifi liydvocldoric acid. Wlicn burned it leaves btdnnd 
a notable quantity of perbkidc of^iron. The analysis of hema- 
tosiu gives : 




Carbon 

. . .Gr>.Bi’ ' 

41 

Hydrogen 

. . . 5.37 * 


Nitrogen . , 

. \ 10.40 ‘ 

3 

Oxygen , 

• • ’• *11.75 ^ 

G 

Peroxide of iron . , G.G 1 

1 


100, Off 


M. Scherer has, however, shewn that the oxide of iron is not 
essential to- hemaft>sin, nor, necessary to the colour of blood. 
Theiiu'ltcr of the Idood fjlohulcs after Wiiii^ dried was intimate- 
ly mixeil in amorter witii ccmcoritralcd sulphuric acid, and tlio 
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inaae .afterwards diluted with distilled water, and allowed ta 
settle. The liquid above M'as perfectly clear avid colourless, 
and contained sulphate of irod. The insoluble blood-mass was 
washed on a filter with wateij, so long us <hc washings con- 
tained iron. Boiled afterwards in alcohol, the mass coloured 
the spirit intensely red. On neutnjlising’tht sulpj^ate of the” 
colouring matter, the compound in*.solutioJi, wiUi ammonia, 
much albumen fell, .which Vas dried aftd ignited; it left a white 
ash, in which nJt i^trace tif won (fould be detectjul. 'I'he blood 
red solution in alcohol thereftfre co*#tainevl no iron. 

GL013JJLIN. 

This substance is the principal constituent of the blood glo- 
bules : it is a protein compound and clojjely allic^d to ^fibumen. 
Rut it lias not been iso1atc*d, anM little is known^respcftting.it. 
The sulphate of gloliulin which rfinaiifjf J)ehind in the prepara- 
tion of liernatosin, described abov/?, consists of 4 at^ms of jiro- 
tein, united with 1 atom of sulphuric acid. The nature of the 
matter forming the clear niiclcus^of the glolndes is still Ies% undln^ 
stood, but it appears more like coagulated fibrin than anything 
else. 

The matter of the blood globules, or the globulin and hema- 
tosin together, may l^c obtained by mixing blood freed from 
fibrin, with a solution of^sulphate of sdda, in which the matter 
of the globules is insoluble and precipitates; or b^ draining the 
serum out of the clot of blood^cut int^ thin slices, ujionP folds 
blotting paper, and afterwards mixing tlic clot with water, in 
which the matter offhc blood globules dissolves of a brown-red 
colour and t^ansparenV. ,It is solulde iu pure water, insoluble 
in serum. Whcti ils solutionis mixed with salts of all<alinc 
base or with •sugat, Snd exposed to air* it becoiYies of a lively 
red. The solutitm of the maittr of the blood globules may be 
evaporated at 1 22*’ withouf lofiing its solubility ; but wlTeii heated 
it coagulates, before its temperature rises to LSI*’, and prmpi- 
tates insoluble. Both in its coagulated and sc)iiul)le state the 
matter of the bIoo*d glbbulcs exhibitsjsimilar ellects ^fitll reagents 
as albumen in the sanve conditions. •JVL Simon has lately main- 
tained that tliis matter is composed of casein and hematosin, 
but cuaguljition by heat is not a property of\jasein.* 
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GELATIN. 

This is the basis of glue, si^^e, and animal jelly, and is 
obtained by the acticfeii of boiling water upon skip, tendons, liga- 
ments, cellular tissue, and serous membranes. These materials 
-are dissolved almost enti^elj^ by continued digestion in boiling 
water, and the solution fgrins a jelly on cooling. A substance 
is obtained from the pernjanent cartilages, by a similar treatment, 
which also gelatinizes, but is, net precipitke^ fey tannin, and 
differs in othel respects ff<j.m gelatin ; tlie latter substance 
was L'st distinguishetf, as a peculiar principle, by Muller, and 
nam^,d chondrin. Gelatin is not found in the blood or any of 
the healthy fluids, nor does it exist tfs such in the solids, but is 
a produ(jt of their a^tetation by* boiling water, as dextrin and 
starch-sugar #ue products of ^the alternation of starch by the 
same agent. . 

Gelatin ii^ distinguished by fes ready solubility in warm water, 
and property of forming a j^tifi jelly when it cools. As j)repared 
from different materials, gelatin differs considerably in viscidity* 
Its viscidity, as prepared from sWns, is inversely as their softness 
and flexibility. Tlie most adhesive of its forms, glue^ is prepared 
from the clip'pin^s of hide's, hoofs and other refuse of the tan- 
yard. The solution is boiled, filtered above 120", and after 
evaporation poured into^ square boxes,, to gelatinize. The jelly 
is cut into slices, and when dried in the air upon a netting takes 
the foriq. of the cakes of glue. Glue is dissolved for use by a 
water-bath heat, after beiftg softened by steeping in cold water. 
Size, which is less tenacious and adhesivp, is prepared from 
parchment, fish skirt and several animal imeinbranes; isinglass 
from the entrails of se\^eral species of ‘fish, partjculdrly the stur- 
geon. The latter gelatin gives a colourless solution, which has 
no dlsa^eeable taste or odour; it^forms a firm jelly on cooling 
when dissolved in 100 times its weigl^ of water. 

Gglatin is insoluble in alcohol and ‘ether. .When burned it 
leaves behind small portion of bone-earth. Its solution in 
water is no{ precipitated by alum, by neutral protosulphate of 
iron, by either the neutral oz basic acetate of lead ; all of which 
precipitate a solution of *the chondrin of 'cartilage. Gelatin is 
readily solubjb in fluted acids and alkalies. Its solution in 
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acetic jcid is very gluey, but does not gelatinize, (jelatin is not* 
precipitated by corrosive sublimate, which throws down al- 
bumen. 

Gelatin formS a ^white compound with tdnnic acid, tamo- 
gelatin, whicliis precipitated by a strojig infusion of ghll-nuts, from* 
a solution of gelatin in 5000 tigidSs its VeighU of water. 
The white flocks adhere to each on •stirring, aud form a soft, 
tenacious, and t elastic masS, which is of th*e same composition 
with, and has cdftsi^erabli! resemblance to leathgjr. The skins 
of animals are tanned, after bftng cfeaned»and deprived ofrthc 
cuticle and hair by lime-water, and allowed to enter* irtto a 
degree of putrefaction to spftcn*them, by sul^mitting theiA to 
the action of infusion of oak^bai^k, or otli^r ^stringent vegetable 
matter, the strength of whicb is gradually increased untiFa com- 
plete combination takes ^^luce. The tannin is taiccii up by the 
skin, of whicK the weight is consicfcrabl^*yi creased by this treat* 
ment. In the tanning of thick/ sole-leather mahy months’ 
digestion in the tan-pit is required, blit the process has of late 
been considerably shortened b^ slightly heating the inftision of 
oak-bark by means of steam. The skin is greatly altered by# its 
combination with tannic acid, losing^ its soluljility in boiling 
water, and becoming nearly indestructible by atmospheric agen- 
cies ; the animal matter it contains is no longer suitable for the 
preparation of prussiate eff potash, by fusion with an alkali. 

Tawed leather is made by impregnating the skin duly prepared 
by washing in potash liquor, with a fj^lujtion of alum aifd com*# 
nion salt; it is afterwards trodden in a mixture of yolk of eggs 
and water. The alufti and salt re-act on e^ich other so as to 
produce sulpl^ate of soAa ^id chloride of ^luininum ; the latter 
salt combines witJi flic skin. While glove leather is* rtius pre- 
pared. 

Wash leather''^ another important manufacture ; in this, the 
skin, after being prepared jfnd, softened, is injliued witll oil, and 
afterwards subjected to a weak alkaline solution. • 

Curried leather, is made by besmearing the skin, or leatlier, 
while yet moist, Vitk common oil, which, as the humidity 
evaporates, penetrates jnto the pore* of the skin, giving it a 
peculiar suppleness, anS making it to a considerable •extent 
waterproof. As familiar examples of th^se i?rocesses, the thick 
sole leather Vor shoes and boots is tanued; t^he upper leather* is 
tanned and carried : the wlfite leather for gloves is tawd ; and 
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■ fine Turkey leather is tawed, and afterwards slightly ta,nived/" 
(Aikin’s chemical Dictionary^ art. Leather^ quoted in Braixdc^s 
Manual). 

Chlorine transtnitted* through a solution, of gelatin throws 
‘down a white elastic substance in shreds, which smells of 
chlorous aaid, whfic huiiiid ; it may be obtained in a dry state, 
by careful dryings and ^is a definite compound of unaltered 
gelatin wdth chlorous aciU. 

Tlic composition of gelatin has a‘iso be^jn^cxamined by M. 
Sch^trer. He found esingUs's, washed witli etlxer to free it from 
fatty* matters, to leave when burned 0.5 per cent of earthy 
ash^s. 

Tendons macerated , for a shotd. time in cold water, and after- 
guards boiled succcsscvely in alcohol and ether, and dried at 
2 ? 2“, left on being burned, l.V> per cent of ashes. The purified 
tendons, analysed h/* copiJlmstion with chromate of lead, 
gave : v 


Carlion. 

. 50.771 

Hydrogen. 

7.152 

Ifitrogen. i 

. 18,320 

Oxygen. 

. 23.754 


100.000 


TJiis r(;sult u^as confirmed on repetition of the analysis. It leads 
'to the following emplri(hil foriiftda for gelatin C^yll^jNj^Ojy. 
M. Scherer observes that if this formula be doubled, gelatin 
will contain the elefnents of 2 atoms oftprotein, with 3 atoms 
of ammonia, and« 7 atoms of oxygen.** 

Products of the alteration or ydecomjiosUym of gelatin . — By 
long digestion, particSlarty at a temperature considerably above 
- 1^0 gcilatin loses its power of gelatfhizing, Und when dried by 
evaporation J(/}rms a yellowiHi gummy which dissolves 

easily in c<^\d water. 

Concentrated pcirf dissolves ^gelatin, colourless. If 

the solution is diluted with w^ater anil boiled for a long time, 
gelatin sugatds obtained froip it, on saturating wdth chalk. 

jA concentrated solution of caustic alkali when* boiled with 
gelatin separates ammonia from it,* and converts it into leucin 
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(pai|e Jl()27.) and gelatin sugar. To separate tlicse substances;,, 
the alkaline solution is saturated with sulphuric acid, after 
ammonia ceases to escjipe, Evaporated to drynes<^, and the 
mass boiled with alcohol which dissolves* out the leucin aiul 
gelatin-sugar. The alcohol being distilled off;, tlie residue i^* 
washed with small quantities of cokfjlcK)hoI at* a timg, by wliiclT 
the very soluble leucin is taken*up. l^ie resuluary gelatin-sugar 
may then be dis^dv^d in ti larger qucftitity of boiling alcohol, 
and crystallizes 15^^ i^)on tart eons* e\^iporation. 

Galatin-sugar or ///ydeo//, crystallizis in 

pretty large rhomboidal prisms, is colourless, inodorousf and 
very sweet. It fuses at 352<^, bflt undergoes dceompositioir; is 
solul)le in 4^2 parts of water, in 900 parts pf fipirits of wine, and 
insoluble in ether. The sofution is precipitated by no liictallic 
salt, nor by tannic acid.* Butglycicoll combines ^ith oxide pf 
lead, when digested upon it, and then Jrtijes two atoms of water 
(Mulder). 

According to a late analyses by Bt)ussingault, who docs not 
appear, liowevcr, to have bcen^ware of Mulder’s anal)*ses, thcT 
composition of glycicoll is Cj,^ N4 Oj4 ; of its compound 
with oxide of silver, Ci(;H,5N40,i+, 4 Ag O.^Apji. dc Cliim., 
&c. 3 ser. p. 257). 

Glycicoll dissolves without decomposition, in hot nitric acid ; 
it forms a combination Vith that a(;icT, Cyll7N205 4 2NO,3 -f- 
4110, which crystallizes in colourless prisms, and^forms douldc 
salts with bases. The composition the double salt df lime, 
which does not deliquesce in air, is CaO, 2 (CaO, 

NO,). . 


CHONDRI^r. 

This variety of gelatin is dcIrWed frqn^^e permanent cartila- 
ges, such as those of the fibs, joints, wind ^hpe and nose, and 
cartilaginous bones before ossification, from the cornea o# the 
eye, and also according to Muller, from bones in a State of caries. 
Chondrin is slowly dissolved out of these substance!l by boiling 
water. 

The solution of this substance fixes on cooling,^ like ‘that of 
gelatin, an(J when it becomes dry, ‘by cvapolation, lias the ap- 
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pearance of solid glue. But it is not precipitated by tannic ^cid ; 
on the other hand it gives precipitates with acetic acid, alum, 
acetate of lead and protosulphate of iron, which do not disturb a 
solution of gelatiix Chpndrin leaves behind when burned above 
^4 per cent of bone earth. It appears also, like the protein com- 
pounds, to contahi a amail portion of sulphur in combina- 
tion. V 

M. Scherer analysed this substance in its natural state, l)efore 
it is altered by boiling, operating upor the r]])-cartil«agc of young 
calyfs and the cornea. Tho cartilage was scraped clean by a 
knifei then digested in water containing some nitrate of potash 
in solution, to dissolve out albumen, and afterwards boiled in 
alcohol and ether for the extracjtion of fat. Dried at 212o, it 
left when burned G.L* per cent of earthy ashes. The results of 
an analysis 6k this chondrin and also of that of the cornea were 
^s follows : 


Carbon. 

From rib-cartiiage. 

50.895 

From the cornen. 

49.522 

By calculation 

50.745 

Hydrogen. 

0.903 

7.097 

0.904 

Nitrogen. 

14.908 

14. .399 

14.092 

Oxygen. 

27.235 

28.982 

27.059 


100.000 

100.000 

100.000 


From which, M. Scherer deduces the following einpyrical 
formula for chondrin, C,^^ll4oNg02o. Chondrin thus contains 
the elements of one atom of protein, with 4 atoms of water, 
and 2 atoms of oxygen. 

Middle coat of the arteries , — This is u highly clastic mem- 
brane^ of U yellowish white colour. Purified in the saiiie man- 
ner as the rib cartilage, and dried at 212% it left, when burnt, 
1.7 per cent of ashcs-||l^s analysis gave a result considerably 
different from that.of^ondrin, ncmely : 


CarboiV. 

1. 

. 53.750 

II. 

53.393 

By calculation. 

53.91 

Hydrogen. 

. 7:079 

6.9/3 

0.90 

Nitrogen. 

. .’5.300 

15.300 

15.00 

‘Oxygen. 

. 23.811 

24.274 

23,53 


100.000 

100.000 

loo’.ooo 
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The flatter of the middle coat of arteries is therefore repre- 
sented *by C 4 gH 38 N 60 , 6 ; which is equivalent to 1 atom of pro- 
tein plus 2 atoms of water (Scl^erer). 

Membranous md compact horny matter . — This sulistance is 
product of the organism not subject to reabsorption, and differs 
in that respect from all the others y<|t considered. 

The membranous horny matter coAstitutes the epMermis, m 
particular, or outer skin, aryl also the ep^ithelium in its different 
modes of formatipn. Tl\e scaly^ epithelium which forms the 
inner surface of the\lood anc^ lymph vessels, thu? inner surface 
of many mucous and serous sacs, &c. Th6 columnar epUhetium 
which forms the surface of the ij^testina^ canal, as well as the 
surface of the passages froift most glands. The ciliated epithe- 
lium which forms the surfao6 of the mUcOUs membrane of the 
organs of respiration, &C| 

The compact horny matter constitute^^hair, horn, nails, claws, 
&c. 

I. M. Scherer’s analysis of mimbremous horny matter was 
made upon the epidermis of the sole of the foot. It was fi rsts 
thoroughly washed with watefj then boiled in alcohol and 
ether. Dried at 212®, and then burnt, it left 1, per cent of earthy 
ashes. Its composition, by two anal^ee, was 


i 


Carbon. 

51.03G ' 

50.752 

Hydrogen. 

6,801 

6.761 

Nitrogen. 

17.225 

» • 

17 . 2 ^ 

Oxygen. 1 
Sulphur. / 

24.938 

25.261 

» 


lOO.QOO 

IQO.OOO , 


IL Compad* horny matter . — Hair was cut into small pieces, 
well washed and digested jn water, ai>dl||tally boiled in alcohol 
and in ether. Hair of the beard, thus treated, ^nd dried at 
212®, left 0.T2 per cent of ashes, when burned ; hair of a Hlond 
colour from the head^gave 0.3 per cent of ashes, fhe black hair 
of a Mexican gave 2 per cent of ash^s. The substance of nails 
after similar preparatibiF, gave 0.5 per Cent of ashes, wool 2 per 
cent. Horn give 0,7 per cent of ashes. Each of tjiese ^bstan- 
ces was several times .analysed, and fhe results from all were 

: Y Y 
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similar, proving that they contain the same principle. Dejduct- 
ing the ashes, as usual, the results of one analysis ^of each 


were : 

•flilr. ' 

|Torn. 

Nan. 

Wool. 

Carbon. 

. 50.652 

5i.540 

51.089 

50.65.3 

Hydrogen^ 

. ‘ 

6.799 

6.824 

7.029 

Nitrogen. 

. 1S.936 ‘ 

17'.284 

16.901 

17.710 

Oxygen. 
Sulphur. . 

j 24.643 “ 

,24.397, 

^2^8*6 

24.608 


loo.odo 

- ^ 

100.000 

100.000 

100.000 


M. Scherer constructs the follov^ing formula to express the 
results of these anjllyrfes, and to e^thibit the relation in composi- 
tion ol tl)y» class oV substances to, protein; compact horny 
niatter, This contains the elements of protein 

‘plus, 1 atom of apimOnia anclf 3 atoms of oxygen. 

Horn, hair, wool and« other horny substances dissolve in the 
^solution of caustic alkali, with disengagement of ammonia, and 
the formation of some acetic acM: When the alkaline solution is 
neutralised by acetic acid, effeiwcscence occurs from the escape 
of sulphuretted*^ hydrogenj^ and a substance falls, soluble in an 
excess of acetic acid, which possesses the properties and compo- 
sition of protein. When the solution is precipitated by succes- 
sive additions of acetic acid, the last additions give a yellowish 
white precipitate, which is different from the first. 

• Analyses of the protuirr ‘from hair and of the other substance, 
gave the followine results ; 

Protein frpi i hilr. Other substance fr«»« »'air. 


. Carbon. 

55.150 

' ' 53.'5I6 

Hydrogen. 

7‘.197 

‘ 7-168 

Nitrogen. 

« VI 5.727 

* 14.801 

•Ojygen. . 

.21.V)26 

<• 

24.515 


100.000 

100.000 


From the composifjon of the latter, it is supposed to be the 
same as the enveloping membrane of the albumen and inner 
coat of the lining njembrane pf the egg. 
f^eathm.—The material of feathers .has hitherto' been sup- 
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pose4 to be of the same nature as horn, but M. Scherer findi; the 
composition of the former to be different, and to have conside- 
rable analogy to the secoijd suJistance derived from hair and 
horny bodies, as appears by the following anal]^sis : 


Carbon 

Quills. 

52427 

By calculation. 

52.457 

Hydrogen 

7.213 

•6.958 

Nitroge^^ 


’ 17.71J> 

Oxygen 

^2.^7 

22.8tK) 


100,000 

100.000 


The composition is calculate!^ irr the second. column, from the 
formula C 48 H 3 gNyOj 6 . By which feathens arc r^reseAted as 
having 1 atom of oxygen less in thdir composition than horn. 

Pigmenium nigrum of the ^matter, carefully re- 

moved by M. Scherer from the /ihorcjid by means a hair 
pencil, in distilled water, was strainecT with the water through 
linen, to separate portions of membrane ; the liquid whh tli*G 
black matter in suspension was then evaporated to dryness, ajid 
the residue boiled in alcohol and ether, to purify jt. * It contains 
considerably more carbon than any of the preceding substances, 
as appears by the following analysis : 

Pigmentum nigrum 

Carbon . 58.672 

Hydrogen 5.962 

Nitrogen 13.768 

Oxvcen 21^598 


lOO.dOO . 


SECTION i\. 


SECRETED FLUIDS SUBSERVIENT TO DIGES^TION. 

Baltva .' — ^This liquid^ which is secrqted by the salivary glands, 
contains mucus and vefy small transparent globules, visible 
under microscope. It leaves, when evaporated, •^about 1 per 
cent of soli3 matter, consisting of mucus, several salts of pot- 
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ash, ♦ of which chloride of potassium is the most considerable 
and a peculiar animal substance, which is named salivary matter 
The latter is soluble in water, .not coagulated by boiling no; 
precipitated by metallic salts. In the salivary, glands and ducti 
of the horse and ass, concrcti6ns are soirietimes found, which 
are principally qomposed (kf carbonate and a little phosphate of 
lime. The saliva of mah and the sheep generally contains a 
trace of sulphocyanid^ of potassiqm; the saliva of the sheep 
contains also so much carbopatc of ^oda as tc^ffervesce with an 
acid. V ^ ^ 

\}a^tric juice , — ^Tne principal constituent of this fluid is the 
peculiar principle, pe^isin (page 1030). When collected from 
the stomach during fasting, it is a “transparent fluid, of a saline 
taste, ^ which is rifeutral, but during the process of digestion 
it is distinQ^^ly acid from the presence, of hydrochloric acid. 

' Pancreatic jwicc.— This fluid, secreted in the pancreas, is 
thrown into the duodenum, ^or the portion of the small intes- 
tines nearest the stomach, where it mixes with the partially 
..^digested food or chyme^ as the latter leaves the stomach. It 
contains albumen in solution ftnd also a matter like casein ; its 
safits are nearly the same as those of the saliva \ it has a distinct 
acid re-actVon,‘ The asfes of this fluid in digestion are un- 
known. 


BILE AND BILIARY CONCRETIONS. 

The bile which is contained in the gall-bladder is conveyed to 
the duodenum and added to the chyme, in digestion. It is a 
greenish yellow fluid, of a peculiar sickening odour, and taste 
which is ^at first I s wet t, but; after waMs* hi ttey an’d exceedingly 
naustous. It ccf!itair]s a great variety of substances, di which 
the most peculiar, which are all i^ a state o^trae solution, are 
bilin, fellinic acid, chdrnc acidf and,.biliverdin, according to the 
latest exarainatioif of this secretion,*by Beraelius. Besides the 
acids mentioned, it contains oily acids combined in common 
with the otfiers with soda, and several other fatty bodies, 
together with cholesterinj To which are to be added mucus, 
an undetermined anirdal ‘matter, conlm'on salt, and the other 
usual salts of aninn^l fluids. The separation of so many sub- 
stances is extremely diMcultJ and 'the jnore so that the consti- 
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tueifts of bile are remarkably prone to assume new forms under 
the influence ofte*agents. 

. Bi/m, the principal constituent of bile, may be isolated by the 
following processes, {a) The bile of the ox, afty the separation of^ 
its mucus, is mixed with a little acetic acid, then filtered and pre- 
cipitated by acetate of lead. The yellow precipitate, consistifig 
of a combination of biliverdin, loleic 'and margaric witli 

oxide of lead, is filtered, and^the filtered Uqifid* precipitated by a 
solution of the f)a^c ’acetate of The last precipitate, at 

first white, then yello^^ and plaster-bke, contains iftllinic acid in 
combination with a portion of the bile. •Most of the^ b/liii 
remains undissolved. The lead iiji the saiyc solution is precipi- 
tated by sulphuretted hydrogen, and the solCition remaining of 
bilin is evaporated carefully t6 dryness. The bilin so procured 
contains, acetate of soda, ^ and is likewise *somewhjiJ altered by 
the action of the free acetic acid during ^he evaporation. It i» 
in this condition that bilin has beeil distinguished by the name * 
of bile- sugar or picromel* 

{h) Ox-bile is evaporated to perfect dryness on a water-bath^^ 
reduced to pow’der and digested with anhydrous ether, which 
dissolves out all the fatty bodies not in combination with bases. 
The mass is then dissolved in alcohol, Ify which, iftijcfis, common 
salt, &c. are left undissolved. To the filtered liquid a solution 
of chloride of barium is added, by small portions at a time, so 
long as a dark green precipitate is formed. The last contains 
the biliverdin or colouring principle. The liquid .filtered from 
it is then treated with barytes-water, added gradually, so long as • 
a precipitate falls. The colour of different portions of the pre- 
cipitate, as they are successively produced, is dark grey, soon 
becoming gre«in, then^bro\^ish yello^w, and at ^last yellow.. It 
contains, besides biliverdin, ♦an orange-colpured matter,* not yet 
investigated, and margaric acid. • 

The liquid filtered from tlie* last prdKpitate, after ^the pre- 
cipitation of the free barytes 'it contains by carbonic acid, is 
evaporated to dryness, and the mass dissolved again in anhy- 
drous alcohol, whicjti leaves common salt and chloride of barium 
undissolved. Sulphuric acid mixed with an equal bult of water, 
and then diluted by alcbbol, is added" grtldually to the alcoholic 
solution to precipitate the bases it contains, in the. form of sul- 
phates. The liquid again filtered is mixfed with freshly precipi- 
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tated carbonate of lead, for the purpose of ootnbining its' sul- 
phuric acid and oily acids, and the greater pfcportiorf . of the 
alcohol then distilled off. The liquid thus concentrated is - 
filtered from the , precipitate of lead salts, freed from lead in 
solution by sulphuretted hydrogen, filtered and evaporated to 
dryness in a wajeriath. \ The transparent, yellow, bitter mass 
which refnains, and whidi formerly distinguished by Ber- 
zelius as biliary matter^ is composed of bilin and fellinic 
acid. ^ ^ ^ ^ 

The last Jiroduct is disfolve^ in wat^r and digested with 
firfely, pulverised oxVJe of lead, by which it forms a plaster-like 
mixture of fellinate vvnd chojinate of lead, and the bilin re- 
mains undissolved. The filtered solution of bilin is evaporated 
to dryness ; and t6 ‘lieparate foreign matters, the mass is again 
dissolved ip i alcohol, ^filtered^ and evaporated to dryness. What 
remains is bilin. (GrJ^ndriss der Organischen chemie von Dr. 
F. Wohler,) 

Bilin is a translucent^ colourless, inodorous mass, without 
j3rystallization, having a bitter and at the same time somewhat 
sweetish taste. It contains liitrogen, and is decomposed by 
hfiat, with the formation of ammoniacal products. Water and 
alcohol disSo)Mi it in til* proportions ; it is insoluble in ether. 
Its solution in water is not precipitated by acids, chlorine or 
metallic salts. Bilin is a readily alterable substance; by boiling 
with caustic alkali, it is decomposed and resolved into cholic 
acid and ammonia. It is decomposed by acids into five dif- 
ferent substances, narhelf ammcnia, taurin, fellinic and cholinic 
acids, and dyslysin ; a decomposition wljich may occur in the 
bile of the living body. "" * r 

When^bilin is« dissblved ^nd digesW iu d,ilutdi hydrochloric 
acid/ an oily substapce presents itself, consisting of bilin in 
combination with fellinic and cholinic acids^ which by farther 
digestion clianges inlb u resin-like^ mass, insoluble in water. 
The solution then* contains sal afiimoniac and taurin; while the 
resinous mass consists of fellinic and cholinic acids with dyslysin. 
The two former may be dissolved out of the resinous mass by 
cold alcohol. , • 

Dyslysin remains unhissolved in the‘last operation, as a resin- 
like niass. {t dis^lves, although with some difficulty, in boiling 
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alodhol, and falls s^ain, after evaporation and cooling, las a 
white dhrthy m^ss. It has not been further investigated. 

Taurin^ C4HyNOn„ discovered by Demarfay, is a neutral 
substance which crystallizes in colourless, regular six-sided, 
prisms terminated by four or six-sided pyramids, of a weak taste ; 
and is fusible by heat without decon|{)ositiQii« It is soluble/ in 
fifteen and a half times its weight of Water at centig.); 

insoluble in absolute alcol^oL It is dissolye& without decom- 
position by conceqjtrated sulphiy^^and nitric acids, and gives no 
reactions with the ordinary reagent^ 

Taurin may be derived directly from unprepared bile, wtieii 
the latter, after precipitation of ifs mucu^ by hydrochloric ticid, 
is boiled for a long time with an excess of the same acid ; *the 
liquid is poured off from tliid precipitated •rftsinous acids, con- 
centrated by evaporation^ mixed with alcohol se? aside. 
The taurin crystallizes out mixed ,w]th common salt; tte 
fijrmer is purified by solution in boiling •water and^ crystalliza-^ 
tion. Taurin is the only one of %iese# products thal has been 
analysed. 

Cholic add may be prepared •directly from bile, by precipi- 
tating the latter vuth acetate of lead, boiling the filtered solution 
with caustic potash, so long as anAiUimia and then 

adding acetic acid. The cholic acid separates in large white 
flocks, which soon assume a crystalline appearance. 

Cholic acid crystallizes in fine needles, wdiich when pressed 
together form a mass of a silky lustre, of which the taste is at 
once sharp and sweet; it is fused by*]ieat, and burns liKe a fat. 
It is sparingly soluble in water, highly soluble in alcohol. It 
fotiTis salts, with alkalies, of a sweet tSste. • 

FeUinic acid is^coijtaine^, with bjlin artd cl?pUnic acid, in the 
plaster-like lead compound formed in the preparatioit of bilin, 
and in the alcoholic solution of the resinous mass produced by 
the treatment of bilin by hydrochloric «ieid. Its separation from 
oholinic acid is effected by ssTturating the last mentioned al(M> 
holic solution with dilute ammonia and concentrating by ‘eva- 
poration : the cholinate of ammonia is then deposited as a hard 
mass, while the fellinate of ammonia remains dissolved. The 
addition of hydrochlol'iis acid throw's dt)wn the fellinio acid in 
white flocks. 
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After being washed and dried, fellinic acid forms a white, 
earthy, inodorous and bitter mass which fuses without decom* 
position at 212®. In boiling \?ater it undergoes fusion and 
^dissolves to a sms^U extent ; in alcohol it dissolves easily and 
the solution has the bitter taste of bile; in ether it is also 
' soluble. Its salfs of alkaline bases are soluble both in water 
and alcohdl, but insoluble ' in aw excess of alkali, and then pre- 
cipitated as a plastic plaster-like su]?stance. The salts of lead 
and barytes, which are insolublfs^ havp the sai^c appearance. It 
enters into iembination wirfi bi^n, and f6rms in union with it 
a compound acid, which should be named bilifellinic acid, 

Cholinic acid is separated from its salt of ammonia lately 
mentioned, by hydl*ochloric acid, ih the form of white flocks, 
and becomes by aggregation, bn ‘drying, an easily pulverised 
mass. It ij , readily fused tby the heal^ of hot water, in which it 
is’ wholly insoluble ; it^fjisvsolves easily in alcohol. 

' Biliverdi^ is separated fronl its compound with barytes, men* 
tioned under bilin, by tdigesnon in dilute hydrochloric acid 
^wjiich dissolves the barytes* The residue of biliverdin is 
purified by solution in alcohol und precipitation from the latter 
by'water. It forms a brilliant, greenish brown tasteless mass, 
insoluble in*w^t!er, diss©l\^ing easily in an alkali, and precipitated 
from that solution in green flocks by an acid. It dissolves of 
a fine green colour in hydrochloric acid, and of a red tint in 
acetic acid. This principle of bile contains no nitrogen. The 
biliverdin of the bile of the ox appears to be identical with the 
vjhlorophyl of plants. * Thut of carnivorous animals is diflerent, 
although it may contain the same matter ^ in combination with 
another substance.* Such a substance ^pears to be the prin- 
cipal .constituent tof the yeUpw mattot foriping th4 concretions, 
found in ‘the ox, whic^ji from the beauty and permanence of its 
tint is much prized by painters. ^ These gall stones dissolve in 
caustic potash of a greenish bfown^ colour, giving a solution 
which when over-saturated with ititrie acid, becomes first green, 
and* rapidly in succession blue, violet and red, and finally 
yellow. * ^ . 

Cholesteriny CayHgjO.— %This is a crystallizable substance 
which may be dissolved out of inspissated bile, by ether ; it is 
also a consti)(uent ^f the brain and nerves. It is contained in 
largest proportion by the gall stones^ of the human subject. 
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which generally consist of this substance combined with a 
portion* of the yellow colouring matter of the bile. Cholesterin 
maybe obtained by digesting^ these concretions in a solution 
of ^otashy by w^ich the colouring matter is, readily * dissolved,! 
and the cholesterin left white ; or by dissolving them in boiling 
alcohol, in which the colouring matter is im^luble. 

Cholesterin crystallizes from an alctfholic solution in*coIourless 
small plates, of a pearly lu jtre ; is insoluble, ih water, tasteless, 
fuses at 278®.6 (1^® Ventig.J, and|j^lidifies again in a crystalline 
condition. If strongly heated apart from aiu^* it suldimes 
unchanged in a great measure, and conderfses in plates. ^ If is 
but sparingly soluble in cold alcohol; is jiot altered by cafistlc 
alkalies. 

The bile appears to act as.*a stimulus to fhe intestinal canal 
generally and to assist in dividing the cKyme iut<^ cliy*le and 
fecal matter, by combining with the lajttgr. 

•• 

-This is the fluid abs6rbejd#by the lacteal vessels 
from the small intestines during the process of digestion. 
drawn from the thoracic duct of a mammiferous animal, it is an 
opaque milky liquid, in which two kinds of globules are per- 
ceived by the microscope. This liquifl has alreti^y*a consider- 
able resemblance to blood; it soon coagulates; the clot reddens 
in the air and contains fibrin. The serum which separates is 
composed, with the usual undeterminedf animal substances and 
salts, principally of albumen and fat, which last /lomes to the 
surface, and is what constitute*, without doubt, one of tlie two* 
species of chyle-globules. 

Excrements . — ^^Fhe excrements of rrian usually contain about 
25 per cent ^ sojid .matter, which^ necessarily varies^coni^ider- 
ably with the nature of 4iis food. Bedsides the infligeTstible 
residue of therfood^ it contams mucus, an undetermined ex- 
tractive matter, fat, salts apd the whole constituents of the bile, 
to which it owes* its colour.* From the incineration of 100 
parts of dried excrements, 15 parts of ashes have been obtained, 
which were prinoipaUy composed of the phosphates of lime 
and magnesia. The value of night «oil as manure is ascribed 
chiefly to these salts, and salts of ammoilia from the urine. 
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SECTION V. 

LIQUIDS OF SEROUS AND MUCOUS SURFACES AND PURULENT 

MATTER. * 

Lymph, — ^I'he 'liquid* which -inoistens the surface of cellular 
'membrane is called^ lymplj, 5 it is chiefly water^ but contains 
a sensible quantity of common salt and of albumen, and when 
concentrated a traUe^of alkali sufficient to aftect test-paper. 

The liquid secreted by sepus membranes, such as the 
pericardium, ‘pleura and peritoneum, resembles lymph, but 
contains so much as 7 or 8* per cent of albumen and salts, and 
is distinctly alkaline, ^om the presence of carbonate or albu- 
minate of soda. The liquor amnion and fluid of hydatides are 
of the same composition. The t^ater of dropsy contains in 
additioh urejf, and cholesteHn suspended in fine plates. All 
these liquids become turbid or coagulate, when boiled, or upon 
Uie addition of nitric j/cid to them. 

Mucu8,-^1l\\\s is the^ liquki secreted by mucous surfaces, 
^such as the nostrils, ^fhe mucus of the nostrils usually 
Contains about per cent of water, 5 per cent of mucus, with 
a trace of albumen and the usual salts. Mucus is insolulile in 
water, but imbibes it aud viwells up, so as to form a ropy liquid, 
as if it were dissolved. It shrinks up in concentrated acetic 
acid, and is not dissolved. When dry it is yellow. It dissolves 
in caustic alkali, and* forms a thin liquid. Mucus contains 
nitrogen, bul^its composition is otherwise quite unknown, 
r The matter -secreted by an inflamed and ulcerated 

surface is named pus. From a. healing sore it is a yellowish 
white liquid, of th^ consistence of creg.m^ which consists of 
round opaque glqjbulcs flokting in a#.vra\isparent hquid. It is 
insoluble‘'in water, but may t»e diffused through it ; on standing, 
the glojjules fall as a yellow sediment, and the supernatant 
liquid becomes clear and colourlbs's. 

Pus contains about 86 per cen^of itwater, and 14 per cent of 
solid matter. It is coagulated by heat and by alcohol. There 
have been fouhd, by analysis, in pus, two albujuiinous principles, 
several fatly bodies besides dholesterin, with the usual salts 
and undetermined extriMtive matters. • ‘ 

The 'matter of the corpuscles of pus considerably resembles 



BLOOD, MILK, IJ 


1051 


the* globulin of blood. They are soluble in acetic acid* with 
the exception of an exceedingly minute nucleus. The serum of ' 
pus contains albumen and another substance in larger quantity, 
to wdiich the iijune 'pyin is applied, of wlijch the solution ir# 
water is precipitatefd by alcohol^ tannin, acetic acid, and most 
completely by alum, but not by fer?r)cyanide yf potassium ; thel 
precipitates are insoluble in an Vjxcess of the reagentsf. 

From mucu^ pus is distinguished l^y its * different external 
characters, by ^Jie^ differ^ent and smaller size of its 

microscopic corpuscffes, by it^ diffirent relations *to w^ater, and 
particularly by its becoming with caustic Alkali, thick sliiny^and 
gelatinous, and in acetic acid s^ssumingfthe appearance of an 
emulsion, while mucus Jj^cofhes thinner ^ith an alkali, and 
with acetic acid coagulates* as a dockjf •nlatter M-hicl^ unites 
into a thready mass. 


SECTION •VJ. 


BLOOD, MILK, URINE. 


Blood , — The constitution of the blood has already been de- 
scribed under the principal constituents of the clot, fibrin, hema- 
tosin and globulin, and albumen the ?hief constituent of tlie 
liquid portion. It is always alkaline from a salt of soda, proba- 
bly the carbonate. 

The fallowing table exhibits the results of two careful ana- 
lyses of human blood by M. Lecanu. (^Lnn. de Chirn. &c. 
xlviii. 308.) - 


Water* 

Fibrin. . , . . • 

Colouring matter* (bematosin "and globulin). 
Albumen. . . • 

Crystalline fatty matter. 

Oily matter. • . • • 

Extractive matter soluble in water and dico- 
hoi. 

Albumen dombined witji soda. 


quman blood. 

780.145 ,785.590 
2.100^ 3.565 

133.000* 119.626 
65.090 6!l.415 

2f.430 4.300 

1.31*0 2.270 

1.790 ' 1.920 
1.V65 2.010 
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Chloride of sodium. 



potassium. 


7.304 

Carbonates 1 

^ 8.370 

Phosphates Vof potash and soda.“ ' . I 

Sulphates J . ♦ , J 

Carbonates of lime and magnesia. .1 

J Phosphates of lirye, • magnijia, and iron, j 

[ 2.100 

1.414 

Peroxide of iron. 

Loss. 

2,400 

2.586 


' 100.000 

100.000 


MilU . — ^^rhe history of this fluid has been partly given under 
its ciiaracteristic constiiuents casein^ milk-sugar, and the acids 
of butter. It contain/ifrom 10<:o 13 ^)er cent of solid matter, 
the restf is water. It*is not Coagulated by heat, but readily by 
alj sour liquids and by rennet.' When* heated, a skin of coagu- 
lated casein forms on ^ sui/cvce. The butter of milk consists 
of margarii/e, oleine and^butyl;inc (page 954). 

Milk may be made Uf undergo the vinous fermentation, 
’’though very slowly, and only after it contains lactic acid ; 
whi^h acid probably converts the milk-sugar into grape-sugar 
before the fefrn^tation^oQeurs. 

An excellenf examination has been made by MM. O. Henry 
and A, Chevallier, of the comparative composition of woman^s 
milk, the milk of the covand ass, of which I subjoin the results. 
(Journal de Pharmacie XXV. 333 et 401. 




ordinary milk. 


Woman 

Ass. 

Cow. 

Cheese. 

1.52 


V. 4.48 

Buttfcr. 

3.55 

0.11 

3.13 

Sugar of milk. 

6.5C 

4 1 

6.0j5 

4.77 

Salts (or mucous • 

f 


matter). 

0.45 

. 0,34 

o.co 

‘Water. 

87.98 

91.65 

87.02 


100.00 

160.00 

• • 

100.00 


Urine. — This fluid is secreted by the kidneys from the arte- 
rial blood. ’iTie average density *of healthy humaa urine is 



URINE. 


105.i 


1.01^5, but it occasionally rises to 1.030; it is acid froiTi free 
lactic acid. On standing it deposits a slimy mucus, and after a 
time^ when stale, become^; alkaline from the formatio^i of carbo- 
nate of ammoifia. The latter salt is ]]rodjficpd from the ureaj 
which is accompanied in urine by a minute quantity of a fer- 
menting principle, which occasions ^hij trans^prmation. Urine- 
in its usual condition contains* from J to 8^ per cent of solid 
matter, the r^st is^ waters Its characteristic constituents are 
urea (page 9f)3) and uric %cid (j<age 1002); the former is free 
or in combination Vith lactic acid^^ the last in* an unknown 
combination. 

Besides its usual saline constituents, tjfe urine may contaip in 
solution various bodies drawn* Ijy the kidneys from the blood. 
Many salts, such as nitrate of p^sh, i(5rrocyanide potas- 
sium, pass through the circulation ifnd are thromi off by the 
urine unaltered ; so also are the orgamW, acids, tartaric, oxalfb^ 
&c. when free; but the salts witl|alkalie8 of the same acids ap- 
pear in the state of carbonates, an4* render the urine alka- 
line. » 

M. Lecanu has obtained somb valuable results respecting the 
proportions of these substances in the urine of man, as affected 
by age and sex, which he deduces from series* ®f \ 20 analyses 
of urine. 

He found that the qu<vitity of urea ^passed in twenty-four 
hours, is in grammes (1 gramme = 15.44 grains troy) : 


By men. 

By women. ^ 

By old mAi (S^l: tg 86 yftars). 
By childrei\ of eight yeafs. 
By children t >{ /our years, j ^ 


* Sllnlmuni Meau Maximum 

23.155 28.0525 33.055 

. 9.926 19.1165 28.307 

. 3.956 I 8.110^ IS)AIG 
10.478 13.47ltf 16.464 

. 3,710 4.5050 • 5.300 


The quantity of uric acRl discharged is, like the urea, sgnsi- 
bly the same for the same individual in equal tirqcs, but varies 
much in difFerent*individuals. This difference was found to be 
in the twenty-fours, 0.362 to 1.343 gtanunes in the male adults, 
0.229 to 0.652 in the olcfmen, 0.394 to 0.907 in the women, and 
0.198 to 0.32 in the children. (Joqrh. de Pl^iprmaoi^, XXV, 68’ 
et 746). • 
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Tte following analysis by Berzelius exhibits the composition 
of urine in its ordinary state, in 1000 parts : 


Water. , 933.00 

Urea. ^ 30.10 

Uric acid. 1.00 

Free lactic acid, lacl^te of aVnmonia, and ani- 
mal matter not separable from, them. 17.14 

Mucus of the bladder. « 0.32 

SulphateVf potash. , « 3.71 

Sulphate of soSa. 3.16 

^ Vhosphate of sodi^. 2.94 

Phosphate of a*mmonia. 1 .65 

C\doride of sodium. . . . 4.45 

Hydroi^hloratc of ammol?ia. ... . 1.50 


Earthy matters, wj^h^a trace of fluate of lime. 1.00 
Siliceous earth. ^ f . . . 0.03 


URINARY CbNCRETIONS. 


There are several distinct species of urinary calculi. 

1 . Xanlhic oxide^ a very rare calculus, discovered by Dr. 

Marcet. It has alight^brown or bright brown surface ; its frac- 
ture is scaly, with a brown or deep flesh teolour, and becoming 
resinous by* friction. It is distinguished by being entirely 
soluble in caustic potasli, and precipitated by carbonic acid. 
It is thrown down as a white precipitate-, which agglutinates 
in drying, and forms ^ a prle-yelloM^, hafd mass, which acquires 
a wa’jcy histre b^ friction.* It is soluble in alkaline carbo- 
nates ; also in nitric a?cid without effervesceiK^e. Its composition 
is expressed by C 5 N 2 H 2 O 2 . • \ 

2 . Cystic oxide ^ a rare calculps, discovered by Dr. Wollas- 
ton^^ It appears, when broken, to*^ form a yellowish-white, 
confused crystalline mass, having a brilliant waxy lustre. It 
is distinguished by its solubility in caustic j5otash, from which 
it is deposited on thf: aVldition of acefic acid, in hexagonal 
plates.. It is also soluble in ammonia. The mineral acids 
dissolve cystic oiSkde ,with rcase,. and form crystalline oom- 
IjoundLs, with it. The .compound with hydrochloric acid is 
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anh'^^^rous, and contains 1 atom of cystic oxide and of the'^cid. 
The nftrate contains 2 atoms of water, one of which it loses 
at 105‘\ The solution o^ cystic oxide in an alkali or alkaline 
carbonate is decomposed by heat, ammonia fyst coming off, and 
then as the evaporStion proceeds, a combustible , gas, which 

smells like sulphuret of carl)on. Thife cflculus/jonta* ‘ Iphiir, 

and is represented by (TRajilow). 

3. Oocalate of lime^ or myXberry calculus a dark-coloured 
tuberculatcd surf^x;, is v<jry^ hard and compact, rarely large. 
It is easily distinguished by ,the (wrcumstance riTatdts powder 
does not dissolve in acetic acid ; but after being heated on a 
spatula to low redness, in the jlarne of a spirit-lamp, it dis- 
solves readily in that ac^d* with effervescence, the oxalate of 
lime having been converted into c^bonatfe * The comjy)sition 
of crystallized oxalate of lync is Ca/5jC203*+2llO.>»i 

4. Bone-mrth calculus ; its surface iist j>alo brown and quifti 
smooth, as if it had been polif^luid. is cor)f\pact, and* 
when sawed through, appears very r(}gularly laminaled. It is 
distinguished by its powder dissolving in dilute nitrje and 
hydrochloric acid, but not in a*cetic acid, nor in solution of 
caustic potash. It appears white and not easily fused before 
tlie bloM^-pipc. The composition of l/one-earth^i.'i expressed by 
8Ca0,tl0 + 3P05, 

2. jlmmonlaco-magnesuqi pIMphate cglculus is composed of 
the phosphate of magnesia and ammonia, which precipitates 
in granular crystals when phosphoric acid is added to admixed 
solution of a salt of magnesia fend anIiTionia (page 508). It is 
white and less compact than the last, and sparking crystals of 
the salt are often perceptible in the jnass. * It emits ammonia 
when heated ^0 312% is dissolved Uy col5 act»tic acid, and pre- 
cipitated agaii\ on .neutralising the acid.. It en^its ammonia 
wlien digested >n^a solution potash, but does not (Kssolve. 
It fuses into a white pearly globule by' strong heat of the blow 
pipe. The composition of crystallized phos]phate of magnpsia 
and ammonia is 2Mg0.NH40,P05 + 14HO. ^ 

6. The fusible oalculus is a mixture of the two la^^t, is com- 
mon in old and exhausted subjects, ;and often attains a large 
size. It is commonly vvliite, rather friable and chalky ; it 
fracture rugpd and uneven, and siH*face^dustj5% It*pelts eas‘^y 
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befo*re the blow pipe into a pearly globule. Part of it dissolves 
in acetic acid, the rest in hydrochloric acid. 

7 . The uric acid calculus is perhaps the most common. It 
is usually of an-ov^al form, of a brownish or fawn colour and 
smooth surface, and composed of concentric layers round a 
central nucleus, -which ^s often foreign matter. Consisting of 
volatile elements, like rtie first and second species, it is con- 
sumed before the blow* pipe, leaving only a trace of white ash. 
The powder of this calculuL is soluble in r dilute and warm 
solution of caustic potash and on adding an acid, uric acid is 
precipitated as a white powder. It is dissolved with effervescence 
by; nitric acid of the O rdinary 3trength, and the solution when 
evaporated nearly to dryness, and treated with a drop of am- 
monijU' exhibits the'beauti^l pink colour of murexide (see uric 
acid, page 1)003). The formula for uric acid is C,oH,NA. 

8. The urale of ammonia forms a comparatively rare calculus. 
It has th/Sf chemical propeities of the last species, with the 
additional property of emitting ammonia when dissolved in a 

-'dilute and warm solution of caustic potash, 

SECTION VIII. 

SOLID PARTS OF ANIMALS. 

Bones . — When bones are difl^sted in very dilute hydrochloric 
acid, their earth is dissolved out, and an organic matter remains, 
consisfcting of cartilage, which retains the form of the bones. 
This matter when moist is flexible and elastic ; by drying it 
shrivels up and becomes brittle, but rempins translucent. It is 
entirely dissolved by . boiling in watery and gives a solution of 
gelatin (page 1056). Water heated above 212®, under pressure, 
dissolves the cartilaginous matter entirely out of bones, and 
leaves the pure bone-earth. 

When bones are distilled in a close vessel, they yield \iramo- 
nia and oily volatile products, while the earth remains behind, 
black, from the presence of 8 or 10 per cent of charcoal, which 
in this divided state and associated with the earth, has a high 
decolourising power. In forms animal, charcoal, bone or ivory 
black. Bones burn white, on the other hand, in an open fire, 
and leave the bone-esgrth. ^The phosphate of lime in bones is 
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pccfiliar, it contains S proportions of lime to 3 of phosphoric 
ackl/o;» 8CaOH-3PO^; but it is undoul)tc(IIy a comjwund of two 
^ tribasic phospliates of lime, namely, 2Ca(),I l(),P().- -f 
2 ( 3 CaO,P 05 ; ; containing 1 atom of water before calcination » 
The proportion between the earth and* ca/tilage varies in dif- 
ferent bones; the human scapula haS|bccn fciind to contain 5^1 1, * 
tlie temporal bone 03 i per cent of Ijioiie- earth. Mufnan bones 
well dried arc said to contain 11 i)er cent qf t^arbonale of lime, 
which is three times tlie quantity in the tiones of the ox. Fluo- 
ride of calcium is alW> found *in bq/ics, although, Tint uniformly 
present according to Dr. Rccs^obserVatiorffi, The salt in qAes- 
tion occurs in fossil bones, and is conWiined in considefable 
quantity in the human bonos h#und in HcrcRilaneum. In weak 
or ricketty bones the propojtiod of bonc*t‘>iA*tli has lieen found 
diminished by 14 per cent. M. tin *611(18, bv the analysis 
of morbid osseous formations, tliat the callus and exostosis 
contain more carbonate of lime tluMuthe s^und bone upon whiclf 
they form, and that, on the contrary, thp caries contawis a quan- 
tity of carbonate of lime smaller by several jier cent than the 
sound bone. « 

The lecth arc comjiosed of the same materiiils as bone, hut 
contain less cartilage ; usually about 1 .per cent oS phosphate 
of lime, about 6‘ per cent of carbonate of lime wnth carbonate of 
naagnesia, and 28 per cent of d^ilage. 4'he ivory of the teeth 
contains no cartilage, aboiA 88 per cent* of phosphate of lime, 
with some fluoride of calcium, and 10 per cent of /carbonate of 
Jime, with magnesia. The antlgrs of (le^r have the same dornpo-* 
sition as bone. 

Skin, — The cuticle br epidermis is a coating of horny matter 
(page 1039), ^without IAockJ - vessels. •Tho mi^cous membrane 
{rete Malpighi), between tby cuticle and true skin, a^ears to 
consist of the tnattfer of the epidermis not yet liaMcnccJ. The 
corium or true skTn is compitttely decomposed by digestion in 
boiling water, and yields a Solution of gelatin ,(page 103()). The 
composition and peculiar characters of the organic mattei* in 
nails, claws, hoofs, hair, wool, and feathers, have •already been 
‘described (pages 1041, *1012). All these substances contain, be- 
sides, from ^ to 2 per c«nt of bone-eai*th.# 

Human persjylration lias an acid re-action, it is supposed from 
acetic acid, but from its observed dfectsiupoh the tlycd colours 

>2 z.z 
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of prints, it must occasionally be formic acid. Its fixed eon- 

stitucnts amount to from ^ to 1 ^ per cent, and consii.t of an 

undetermined animal matter, sal ainmoiiiac, lactate of ammonia, 

^ - 

chloride of sodium, and the other usual salts. ^ 

Muscle. — TJjc Clneads or fibres of muscle consist essentially of 
fil)rin (page l024), ljut in ^^ddition to fibrin, several other sub- 
stances are present, of" whicli the nature is very imperfectly 
known. Flesh stiongly (Iried, leaves about 23 per cent of solid 
matter, the otlier 77 per*cent are. water. Ox the dry mass, about 
6 ])er cent tH.ssolves in w^ter. "Water extracts from hashed 
meat, about 17 per cjnt of its weight. This extract of meat is 
partly soluble in alcohol and partly insoluble. It is a mixture 
of salts with several organic substances, of which the true 
nature is still very /loubtful. Thf se undetermined extractive 
matters occur also in urine and most of the animal fluids. To 
cue of them, soluble in both water anil alcohol, and the cause of 
the odour of cooked meat, the name osmazome lias been ap- 
j)lied, but the matter so^ named has not the characters of a pure 
substance. 

* ' The/fibrin of all animals is similar, for it has been found by 
Lic])ig, tliat the flesh of the ox, the deer, the cod and pike do 
not differ in composition. 

The composition of UgamentSj cartilage, te7ido7is, &c. has 
already been described (p. K).3(^ 

Fat . — Human fat appears to contiiin no stearine, but only 
margarine (j)age 959), and oleine (page 965). Tallmv, or the 
jnelte(>fat of oxen and sljeep, on the other liand, consists chiefly 
of stearine (page 961), with a little oleine. It forms excellent 
hard5oa/>5; in the preparation of which, the melted tallow is 
boiled with a solution, of cuustic sod^^ w iak at first, but gradu- 
ally ‘increased in strength ; the soap floats upon the alkaline 
liquor, in which it is insoluble, while the glycerine of the tallow, 
which has been replaced in combination with the stearic and 
oleic acids, by soda, is dissolved by the water. In the forma- 
tion of the common diachylon plaster, 9 parts of olive oil and 
some Avater are boiled with 5 parts of levigated litharge ; a com- 
pound of margaric and oleic acids with the oxide of lead results, 
which forms a plastic, mLiss, and is an insoluble soap. Hog's 
lard contains more oleine than tallow, and is softer ; it probably, 
like human'Tat, cfentains margarine, although stearine also is 
undov^btedly present. 
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ffrain and nerves . — The substance of the luain lias bc^n ex- 
amined by more than one chemist^ but most recently l)y M. 
Frerny. The brain of man contains 7 parts of albumen, 5 parts 
of a fatty mat^r, and 80*parts of water. The albvnhinous pori 
tion, after being coagulated by heat, is fnsc^uhle in Avater, alco- 
hol and ether. The fatty matter iS|What }ias principally occu- 
pied attention ; besides portion^? of the ordinary fatty ^ubstaiu^es, 
it contains two peculiar acids and choTesteriit : 

1. Cerehric acidvAneh. \^cn purified is white, and presents it- 
self in crystalline grains. *It*dissolyes without r(;sidue in boiling 
alcohol, is almost insoluble in cold ether, more soluble in b(,41ing 
ether. It has the remarkable propeTty of swelling up like iitarcli 
in boiling water, but appears to* be insoluble in that liquid.* It 
enters into fusion at a high tcmJ^erature, np|:^'oaclung closely that 
at which it is decomposed, and is cpmbijstihle. It coii1:ains no 
sulphur, but some phosphorus. *The result of its* analysis by 
Frerny, is 6(1.7 per cent of carbon,* 1*0.6 (^hydrogen, 2.3 of nitre#- 
gen, O.y of phosphorus, 19.5 of oxygen^ 

2. Oleopimjfhoric acidy which is ^separated from the former 
acid, by its solubility in ethe,r. It is still accompanied by 
oleine and cholesterin, which are withdrawn from iU by 
alcohol and ether. This acid is» of a vijcidi consistence, 
insoluble in cold alcohol, but dissolving easily in boiling 
alcohol ; it is insoluble in ej^her. Placed in contact with 
potash, soda and ammdnia, it immedtately gives soapy com- 
pounds. It forms compounds insoluble in watpr with other 
bases. M. Freniy has observed a ryiparkable transformation (;f 
oleophosphoric acid. When boiled for a long time in water or 
alcohol, it gradually loses its viscidity and^ becomes a fluid oil, 
wdiich is puje oleine ; Vluje the liquor coiitairjs phosphoric acid. 
This decomposition becomes very rapid, when th& liquor is 
rendered slightly rfeid. Although M, Freiny’s atlJCmpts to form 
this acid direct!}^ by uniting!# «leine gnd phosphoric acid, were 
unsuccessful, he ^ still d^emj; it probable Jhat this* acid may 
consist of the elements jn question, and be analogous Uo the 
compound of sulphuric acid and oleine or sulpholeic acid (page 
968). It contains fAim 1.9 to 2 per cent of phosphorus, in the 
condition, it is thus rej]y;’esented, of plu^phoric acid. 

M. Frerny has given a process for extracting cholesterin (page 
1048) frory the brain, in considerable quantity. 
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T 1 i ,9 constituents of the brain of man, enumerated by Freoiy, 
are : 1. Cerebric acid free or combined with soda, or with jihos- 
phate of lime. 2. Oleophosphoric acid free and combined with 
^•foda. 3. Oleine and margarine. 4. Minute quantities of oleic 
and margaric aciUss. 5. Cholesterin. 6. Water and an albu- 
“ininous matter. These results are quite different from those 
previously obtained by M..Couei‘be, whose method of investiga- 
tion appears to have l)ccir defective. 

Fremy found a consideraldc quantity of cerebral matter in 
the spinal mairow, and very apprcciaole quantities of it in cer- 
taiixnerves. 

The 'eye. — The scelfro^a is dissolved, like the corium, by 
long boiling wdth wfitcr, and gives^a splution of gelatin; it is said 
to contain no fibrin ^ , The cornea us composed of cartilaginous 
fibres, ind therefore consists of chondrin ; but it contains be- 
syles, a smSll quantity of fibrin or aibumen. The jnymenlufn 
niyrum (page 1043) lu}§ copsulerable resemblance to hematosin. 
The vitreoiys and aqueous^ humours consist of water wuth about 

per cent of common salt, a little albumen and undetermined 
aiiimal matter. The substance^ of the crystalline lens agrees in 
projDerties with the globulin of the blood, and may be represent- 
ed as a cornpou^^d of 15 atoms of protein with 1 atom of sulphur. 
When rubbed in pure water, the greater part of the crystalline 
dissolves ; the solution is coagulated by heat, and forms a gran- 
ular and not a coherent'- mass. The crystalline undergoes tlie 
same coagulation when put into hot w^ater, into alcohol, or into 
an acidf 
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TABLE I. 

• * 

For the conversion of degrees on the Centigrade ihermtnneter into 
de(nrees of Fahrenheit s * 


Cent. 

Fahr. 

Cent. 1 

pSir. • 

• 

CeA. 

J'ahr. 

—50" 

— 58".0 

—.9" 

15". 8 

. 

89". (i 


‘—56 

— 8 . 

17.6* 

33 

91 .4 

—48 


— *7* 

*19.4 

34 

. 93 .2 

—47 

—52 .6 

— 6 • 

.2 

35 

• 95 .0 

—46 

—50 .8 

— 5 

^0 

• 36 

96 

— ^5 

—49 .0 

— ^ . 

24. 8 

• 37 

98 .6 ^ 

—44 

—47 .2 

— -3 . 

26.6' 

' ^18 

100 .4 

—43 

—45 .4 

2, • 

28 .4 


102 .2 

—42 

— 43 .6 

~ f 

30.2 

.. 

40 

104 .4) 

— 41 

—41 .8 

. 0 

. 3 S .0 

* 41 

• J 05 .8 

—40 

—40 .0 

4- 1 

33..8^ 

42 

107 .6 

—39 

— 38 .2 

2 

• 35 .6 ' 

. 43 

109 .4 

—38 

—36 .4 

3 

37 .4 

44 

7^1 .2 

—37 

—34 .6 

4 

3 !Utf 

45 

113 .0 

—36 

—32 .8 

5 

41 .0 

46 

114 8 

—35 

—30 .0 

6 • 

42 .8 

47 

1 1 6 .6 

—34 

—29 .2 

7 

44.6 

48 

118,4 

—33 

—27 .4 

8 

46..4 

49 

120 .2 

—32 

—25 .6 

9 

48.2* 

50 * 

• *122.0 

—31 

—23 .8 

10 

50 .0 

51 

123.8 

—30 

—22 .0 

11 

51 .8 

52 

125 .6 

—29 

—20 .2 

• 12 

53 ,6* 

53 

127.4 

—28 

—18 .4 

13 

55 .4 

54 

129 .2 

—27 

—16.6 

14 

57 .2 

55^ 

' 131 .0 

—26 

—14.8 

15 • 

59 ?0 

56 

132.% 

—25 

— 13 .0 

16 

60.8 

57 

134.6 

—24 

—11 .*2 

17 

62.6 

58 

136.4 

—23 

— 9 .41 

, .18 

C ^.4 

• *59 

138.2 

—22 ^ 

^ * 7 #6 


•66 .2 

6» 

1*10 .0 . 

—21 

— 5,8 

€0 

68 .0 

. ^>1 

141 .8 

—20 

r - 4.0 

21 

69 .8 

62 

• 143.6 

—19 

— 2.2 

224^ • 

71,6 

63 

145*4 

—18 

— 0.4 

•23 

73 .4 

64 

147 .2 

—17 

+ •1 .4 

•24 • 

75 .2 

65 

149 .0 

—16 

3.2 

25 

77 .0 

66 

150.8 

—15 

.5.0 

26 

78.8 

67 

• 152.6 

—14 

6 .S 

27 

80.6 

68 

154 ,4 

—13 

8.6. 

28 

8} .4 

69 

156 .2 

—12 

10.4 

• 29 

84 .2* 

70 

• 158.0 

—11 

12.2 

30 

86.0 

71 

159.8 

— ICV 

14.0 

31* 

•87 

^2 

•*•161.6 
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Cent. 

Fnhr. 

Cent. 

Falir. 

Cent. 

Fahr. 

r3® 

1G3'’.4 

121“ 

249".8 

1G9" 

336V2 

74 

165 .2 

122 

, 2 r,],.c 

170 

338 .0 

7S 

167 .0 

123 

253 .4 

171. 

339 .8 

76 

KiV 

124 . 

255 .2 

.172 

341 .6 

77 ' 

170.6 

125 

257 .0 

173 

343 .4 

78 

J72'.4 

. Ag 

^ 258 .8 

174 

345 .2 

7h 

174 .2 

, {27 

260 .6 

175 

347 .0 

80 

176..0 

128 

262 .4 

176 

848 .8 

81 

177 .8 

‘ 129 

2(54 .2 

.»177 

350 .6 

82 . 

17.0.6 

i:sfl 

-206 .0 

/l"/8 

352 .4 

83 

181 .4 

l.:fl 

, 267.8 

179 

354 .2 


183 >2 


2(59 .fi 

180 

356 .0 

85 

185 .0' 

"3 

271 .4 

181 

357 .8 

86 

18G.8- 

134 ' 

0 273.2 

182 

359 .6 

87 

18(S.G 

135 . 


183 

361 .4 

1 88 

ioo:4 

136 

276 .8 

184 

3G3 .2 

89,. 

192 .*2 

1 . 37 . 

278^.6 

185 

365 .0 

JK) 

194 .0 

138 

280 .4 

186 

3GG .8 

91 

195 

139 . 

282 .2 

187 

368 .6 

9^- 

197 .6 

140 

284 .0 

188 

370 .4 

9S 

199 .4 

^ «141 

285 .8 

189 

372 .2 

94 

201 .2 

142 

287 .6 

190 

374 .0 

' 95 

203 .0 

143 * 

289 .4 

191 

375 .8 

96 

204.8 

144 

291 .2 

192 

377 .6 

97 

206.6 I 

145 

293 .0 

193 

379 .4 

98' < 

" 208 .4 

l46 

294 .8 

194 

381 .2 

99 

210.2 

147 

296,6 

195 

383 .0 

100 

212.0 

148 

298.4 

196 

384 .8 

lOl 

213 .8 ^ 

149 

300.2 

197 

38(> .6 

10:2 

215 .6 

150 

302 .0 

198 

388 .4 

103 ' 

21 7 .4 

151 

303 .8 

199 

390 .2 

• 104 

‘ 219 .2 

• 152 

, 305.6 

200 

392 .0 

105 

221 .0 

153 

307 .4 

201 

393 .8 

106 

222.8 

154 

309 .2 

• 202 

395 .6 

107 

224 .6 

l,f)5 

311 .0/ 

203 

397 .4 

IQH 

226 .4* 

15/> 

3Pi.8 

i204 

^ 399.2 

1V)9 

228 .2 

157 

3U .6 

205 

401 .0 

ilO • 

230 d 

158 

316.4 

206 , * 

402 .8 

‘111 

231 .8 

159 

• ^318.2 

2(fl 

404 ,6 

U2 

233 .6 

*160 

32(») .0 

208 

406 .4 

113 

235 .4 

161 

' 321 .8 

2(v9 

408 .2 

114 

237 .2 

162 

323 .6 

210 

410 .0 

115 . 

239 .0 

163 

325 .4 

211 

411 .8 

lie 

240.8 

164 

327 .2 

* 212 

413.6 

117 

242 .6 

\65 

329 .0 

213 

415 .4 

118 ' 

244 .4 • 

' 166 

330 .V; * 

1 214 

• 417.2 

• 119 

246 .2 

167 

332 .6 

1 215 

419.0 

120 

241^ .0 

c 168 

/134 .4 

216 

<420.8 
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<’ent. 

Fahr. 

Cent. 

Fuhr. ■ 

CtMlt. 

Fahr. 

217“ 

422''.(J 

252“ 

4S5'’.G 

287‘’ 

.54s'‘.(i 

‘218 

424 .4 

253 

487 .4 

288 

:>:)() .4 

219 

,426 .2 

•^254 * 

489 .2 

289 

A52 .2 

220 

428^.0 

255 ^ 

491 .0# 

i9V) 

554 .0 

221 

42!) .8 

256 

492 .8 

• 291 

. 555 .8 

222 

431 .0 

257 . 

4i4 

.21^ 

557 .6 

223 

433 .4 

258 ' 

496 .4 

29:1 

.§59 .4 

224 

435 .2 

259 

4!)8 ?2 

2W4 

561 .2 

225 

437-.0 

!?G0 

500 .(1 

*295 

5(;3 .0 

22G 

4^18 .8 

261. • 

• 501 .8 

1 296 

564 .8 

227 

440 !g 

262 , 

§03 .6 

2!)7 •* 

56() .6 

228 

442 .4 

263 

5^5 .4 

• 298 

.5f)S .4 

229 

444 .2 

264 

507 .2 , 

299 

570 T2 

230 

440 .0 

265 • 

509 .0^ 

300 

572 .0 

231 

447 .8 

V266 * , 

510.8 

*U)l 

573 .8 

232 

449 .6 

207 

512 .6 ' 

?i02 

575 .(* 

233 

451 .4 

268 

514 .4 

• 303 

577 .4 

234 ' 

453 .2 

• 269 

•516 .2 

304 

•579 .2 

235 

455 .0 

270 • 

.51?^.?W 

305 

581 .0 

23(; 

456 .8 

271 

5*19 .8 ‘ 

306 

.,.582 .8 

237 

458.6 

272 

521 /> 

307 

r>S4 .6 

238 

460 .4 

273 

525 .4 

308 

586 .4 

239 

462 .2 

274 , 

525 .2 

309 

58.'§.2 

240 

464 .0 

275 

527 .0 

310 

5.90 .0 

241 

465 .8 

276 

528 .8 

311 

591 .8 

242 

467 .6 

277 

5:5f) .6 

31 2§ 

• 593 .6 

243 

469 .4 

278 

532 .4 

31 3 

595 .4 

244 

471 .2 

279 

534 .2 

314 

597 .2 

245 

473 .0 

• 280 

536 .y 

315 

599 .(. 

246 

474 .8 

281 

537 .8 

316 

600 

247 

476 .6 

282 

539 .6 

317 

602 .1 

248 

478 .4 

283 

5ilA 

:n» 

604».4 

249 

480 .2 

284 

543 .2 , 

319 

606 .2 

250 

48‘4«0 

2H5 

.545 .0 ' 

320 

608 .C 

251 

483 .i 

28G 

546.8 

• 
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TABLE II. 

TABLE*^of the elastic Force of Aqueous Vapovr at different 
Temper at liiicpressed in Inches of Mercury, 


Temp* 

FortoofV.'ipour. 

Tpn]). 

Ffirc^ of V.-ipoiir 

Tenij). 

1 Force of Vapour 

Diillon. 

,.Ure. 

Dulton. 

Ure. 

Dalton. 

lire. 

32« F . 

! 0.200 

0.200 

80‘’ F . 

1.00 

1.010 

12 H ‘'' F . 

1.11 



0.207 


81 

V .04 

« 1 

1^9" 

4.22 


34 

0.2)1 


B 2 

1.07 , 


130 

4.34 

4.366 

33 

0.221 


83 ' 

1.10 


131 

4.47 


33 

0.229 


84 

1.14 


1.32 

4.60 


37 

0.237 


I 85 

1.17 

1.170 

133 

4.73 


38 

0.245 


‘86 

1.21 . 

, 

1.34 

4.86 


3‘) 

0.2.54 


87 

1-2.1 


1.35 

5.00 

5.070 

40 

0.263 

O’iSO' 

88 

1.28 


136 

.5.14 


h 

0.273 

i 

89 

1..32 


137 

5.29 


42 

/ M 283 


90 ‘ 

1.36 

1.300 

138 

5.44- 


43 

0.294 


.‘*1 . 

1.40 


139 

5.59 


44 

0.305 


‘92 . 

1.44 


140 

5.74 

5.770 

45 

0.316 


93 

1.48 


141 

5.90 


46 

0.328 


94 

1 53 


142 

6.05 


47 

0.339 


95*' 

1.58 

1.640 

143 

6.21 



0 351 


96 

1.63 


144 

6.37 


40 

0.363 


97 

h&3 


145 

6.5.3 

6.600 

50 

0.375 

0.360 

98 

1.74 


146 

6.70 


51 

0.388 


99 

1.80 


147 

687 


52 

0.401 


1,00 . 

1.86 

1.860 

148 

7.05 


53 

0.455 


101 

1.92 


149 

7.23 


54 

0.429 


102 

1.98 


150 

7.42 

7.530 

55 

0.443 

0.416 

103 

2.04 


151 

7.61 


56 

0.458 


li ^4 

-2.11 1 

» 

152 

7.81 1 


57 

0.474 


105 

2.18 

2.100 

153 

8.01 1 


58 

0.490 


106 

2.25 


1.54 

8.20 


50 

0.507, 


107 

2.32 


155 

8.40 

8.500 

( U ) 

0.524 

0.516 

108' '• 

2.39 r 


156 

8.60 


61 

0 542 

j 

109 

2.46 


157 

8.81 


62 

0.560 


110 

2 53 

2.456 

158 

9.02 


63 

0.578 

# 

111 

2.60 


159 

9.24 


64 

0.597 


112 ' 

2,68 1 

#> * 

^Ugo 

9.46 : 

9.600 

.65 , 

0.616 

rf .630 

113 

-2.76 


161' 

' 9.68 


66 " 

0.635 


114 

2.84 


162 

t 9.91 


67 

0.655 


' tl 5 

2.92 

2.820 

163 

10. l 6 


68 « 

0.676 


116 

3.00, 


164 

50.41 


69 

0.698 


117.. 

3.08 

t;. 

165 

10.68 

10.800 

70 - 

0.721 

0.726 

118 

3.16 

i 

166 

10.96 


71 

0.745 

*' 

119 

3 25 

' 

167 

*'11.2.5 


72 

0.770 


120 

3.33 

2.300 

168 

1154 


73 

0.7 ij 6 


121 

1 3.42 


169 

1 1.83 


74 

0.823 


122 . 

3 50 


170 

’ i 2.13 

12.050 

75 

5).851 

0.860 

123 

3.59 


171 

12.43 


76 

0.880 


124 V 

3.69 


172 

12.73 


77 

O.MO 


rio 

3.79 

3.830 

f 17.3 

1,3.02 


78 

0.940 


126 

3.89 


1 174 

1.3.32 


79 

0,971 

0 

127 

-}00 

O 

175 

13.62 

13.550 1 



'J'enip. 

» * 

F oroe of A'^aponr. 

... 1 
lc.up. I 

Force of Vapour.! 

Temp. 

Force uf \'a])o\ir. 

Dalton. 

Dro. 

Dafton. ' Drc 

Dalton. I’re, 

17fi« F. 

13.9» 


201»F 

21.12 i 

226 - V, 

38.89 lO.'loO 

177 

14 22 


202 

24.61 ' 

227 

39.59 ! 

178 

14.52 


203 

25 10 

228 

40.30 : 

179 

14 83 


204 

25.61 

229 

41.02 • 

180 

15.15 

15.160 

205 

26.13 25.900 

2!0 

41. 75 13100 

181 

15.50 


20(; 

26.66 

231 

42.49 

182 

15.86 1 


20^ 

27.20 

232 

43.24 : 

183 

i6.2sr 


208 

27 74 j 

, 23;ij 

,44.00 ^ 

184 

16.61 

• 

209 

28.2^1 : 

2-yf 

44.78 '46.800 

185 

17.00 

If) 900 

210 

28.84 28.880 

235 

4 5. .58* 47.220 

186 

17.40 


211 

2*^41 1 • ♦ 

2:ir, 

.46.39 i 

187 

17.80 


212 

30.C0 30.t)00 

237 

47.20 , • 

188 

18.20 


213 

30.60 1 » 

2.38 • 

48.02 50.300 

189 

18.60 

, 

214* 

31.21 i 

23:4 

48.84 i 

190 1 

19.00 

19 000 

215 

31.83 i 

240 

49.67 '51.760 

191 1 

19.42 

* 

21(/ 

•32.46 33.400 

241 

50 50 ! 

192 

19.86 


217 

:^1.09 :• 

242 

51*.34 ,.53.600 

193 

20.32 


218 

3^1.72 i • 

2^3 

.52-13 ! 

194 

20.77 


219 

34. .35 : 

244 

53 0.3 1 

195 

21.22 

21.100 

220 

34.149 .35.,510 

^245 

53.88 56.340 

196 

21.68 


22 IS 

.3^.63 36.700 

240 

54.68 ! 

197 

22.13 



,36. €5 i 

^47, 

55.54 1 

198 

22.69 


22.3 * 

36.88 1 

■ Y18 

56.42 60.10^ 

199 

23.16 


224 

37.53 ! ^ 

249 

57.31 J 

200 

23.64 

23.600 

22f5 1 

.38.20*;39.110 

250 

58*2V5;i.900 


TABLE, in: •• 

Ur. Table of the Quantity of Oil of Vitriol* of sp. ^r. 1.8485, of Anhydr 

Acid^ in 100 Parts of dilute Sulphuric A cidy at di^rent Densities. 


1 liquid. 

Sp. Ur. 

J>ry. 

Liquid, 

Sp. Ur. 

Dry. 

Liquid. 

Sp. (Ir. 

Dry. 

100 

1.8485 

81.54 

66 

1.55(73 

53.82 

32 

1 .2.334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

.52.18 

30 

1.2184 

24.46 

97 

1.84,39 

79.09 

63 

1..5170 

51..f7 

- 29 

l.tl^B 

•23 65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.20.32 

22.8,3 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.19.56 

22.01 

94 

1.83361 76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75 83 

5# 

1.4760 

48.11 

J* 25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19 57 

91 

1.8179 

74.20 

57 

1.4.560 

46.48 

23 

l.l62r^ 

18.75 

90 

1 8115 

73.39 

56 

1.4460 

45.66 

22 

14549 

17.94* 

89 

1.8043 

72 57 

55 

1«I360 

44.'8.* 

21 

1.1480 

17.12 

88 

1.79C2 

71.75 

54 

1.4265 

44.03 

to 

1.1410 

16.31 

87 

1.7870 

70.9^ 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

L ^2 

1.4073 

42.40 

18 • 

I.124fi 

14.68 

85 

1J673 

69.31 

» M. 

1.3977 

4^58 

•17 

ii.n65 

13.86 

84 

1:7570 

•68.#9 

50 i 

> 1.3384 

40.77 

16 

1.1090 

i://5 

83 

1.7465 

67.68 

49» 

1 1.3788 

39.95 

,15 

1.1019 

12.2.3 

82 

1.7.Vt0 

6^.86 

48 1 

1 1 3697 

39.14 

14 

1 . 093.3 

11.41 

81 

1.7245 

•f;6 05 

47 

|KV512 

38.32 

13 

1.0887 

lo.oT) 

80 i 

1.7120 

65.23 

44 ! 

IT.3.5.30 

37.i?l 

12 

1.0809 

9.78 

79 1 

1.6993 

64.12 

45 i 

I 1,3440 

36.69 

n , 

1.0743 

8.97 

78 

1.6870 

fi3.60 

4 ? 1 

' 1.3345 

35.88 

10 

1. 0682 

8.15 

77 

1.6750 

62.78 

43 j 

1.3255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 1 

1.316.5 

34.25 

8 

l-CF^l 

6.52 

75 

1.6520 

r>i.i.> 

41 

1.3080 

33.43 

7 

1.0477 

,,5.71 

74 

1.6415 

60.34 

40 

1.2999 

32/1 

^ i 

1.0405 

4.89 

73 

1.6321 

59 52 ^ 

;i9 

1.2913 

31*80 

• 5 

1.0.33^1 

4.08 

72 

1.6201 

58.71 

38 

1 1.2826 

.30.98 

4 ’ 

1 1 .0268 

3.26 

71 

1.6090 

1 57.89 

37 

! 1.2710 

30.17 


1.0206 

2.44f; 

70 

1.5975 

57.08 

36 

|J. 26,54 

>29.35, 

2* 

1 .01 nf 

1.63 

69 

1.5868 

56.2(> 

.35 

1 1.2572 

28 54 

1 

1.0074 

0.8154 

68 

1 5760 

55.4.5 

34 

i 1.2490 

27.72 

, ! 


• * 

67 

l.5648| 

64.63 

33 

1.2409 

•26.91 
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TABLE IV. 

i 

Dr. Un^s Table v>/^ th6 Quantity of Real ,pr Anhydrous Nitric 
. Acid in 100 Varts of Liquid Acid at different Densities. 


Speclflc 

Gravity. 

Heal Add 
in 100 ])arts 
of tl)i* Li(]iiid. 

r Specific 
Gravity. 

Re.aUAcld 
in 100 parts 
of the Lhpild. 

♦ Specific 
Gr^ivity. 

Heal Acid 
in 100 parts 
of the Liquid, 

1.5000 

‘70.700 

1.3,7(,3 

M 52.602 

1 1895 

26.301 

1.4080 

78.003 ‘ 

1.3732 

51.805 

1.1833 

25.504 

, l?49r)0 

78.106 , 

1.3681 

51.068 

1.1770 

‘24 707 

1.4040 

77.309 

1.3630 •' 

50.211 

1.1709 

23.910 

1.4010 

76..512 

1.3579 

' 49Ml/t 

1.1618 

23.113 

1.4880 

7.5.715 . 

1.3529 ‘ 

48.6l7 

1.1587 

‘22.316 

1(1850 

74.918 

1..3477 

4>.8‘>0 

1.1526 

21.519 

1.1820 

74.121 “ 

1..3127 

47.023 

1.1465 

20.7*22 

J.4790'' 

7.3.324 

1..3376 


1.1403 

19.925 

1.4760 

72..327 

.< 1.3323 

45.429 

1.1.345 

19.128 

1.4730 

71.730 , 

l.337fc- 

44.632 

1.1286 

18.331 

1.4700“ 

70.933 

1.3216 

43.835 

1.1227 

17..534 

1.407(1 

70.136 

“1^3163 

43.038 

Ml 68 

1(;.737 

1.4640 

69.339 

1.3110 

42.241 

1.1109 

15.940 

1.4^600 

68., 54 2 

1..3056 

41.444 

1.1051 

15.143 

1.4570 ' 

67.715 

1.3001 

40.647 

1.0993 

1 34. .34 6 

1.4530 1 

66.948 

1.2947 

.39.850 

1.0935 

13.549 

1.4500 { 

66.155 

1.2887 

39.053 

1.0878 

12.752 

1.4460 '• ! 

,,r).354 

^ 1.‘2826 

38.256 

1.0821 

11.955 

1.4424 

64.,557 

1.27()5 

37.459 

1.07(>4 

11.158 

1.4385 

63.760 

1.2705 

36.662 

1.0708 

10 361 

1.4346 

62.963 

1.2644 

35.865 

1.0651 

9.564 

1.4306 

62.166 

1.2,583 

35.06f3 

1.0595 

8.767 

1.4269 

61.369 

1.2523 

34.271 

1.0540 

7.970 

1.4228 ^ 

60.572 

1.2462 

.3.3.474* 

1-0485 

7.173 

]|1]89 

59.775 

1.2402 

32.677 

1.0430 

6.376 

1.4147 

68.978 

I. ‘2341 

'31.880 

1.0375 

5.5/9 

1.4107 

58.181 < 

1.2277 

31.()s3 

1.0320 

4.782 

1.4065 

57.384 

1.2212 

30.286 

' 1.0267 

.3 985 

1.4023 

56.58; 

1.2148 

29.489 / 

1.0212 

3.188 

1.3978 

55.;9() 

' 1.2084 

28.6:/2 '' 

1.0159 

2.391 

*1.30>6 

54.993 

1.20f9 

27.895 

'i.0l\)6 

1.594 

1.3882 

1.3833 

54.196 . 

' 53.399 

1.1958 

27,()98 

1,0053 . 

0.797 
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•TABLE V. 


10^7 


Table of M. L%tvitz, showing the Quantity of absolutei Alcohol 
• ^ in Spirits of different Specific Gravities, 


100 pJrts. 

Sj). Gravity. j 

Kin Parts. 

sp. Gravity. 

ino Parts. 

Sj) (kavity. 

Ak*. 

Wat. 

At 6(^-. 

At Ori". 

Ale. 

^Wut. 

^t 60". 

At <»S". 

Air. 

Wat. 

At. . J 

At AS". 

100 

0 

o./fo; 

*0.791 

66 

34 

0.881 

0.877, 

32 

iJ8 

0.955 

0.952 

99 

1 

0.798 

0.79? 

65 

35 


0.880 

3 / 

69 

0.!>57 

0.954 

98 

2 

O.BOl 

0.797 

64 

.36 

0.886 

0.882 

30 

70 

0*958 

0.956 . 

97 

3 

0.H04 

0.800 

63 

37 

(i889 

'l).88|r» 

2*9 

j71 

0.960 

0.957 

96 

•1 

0.807 

0.803 

62 

38 

0.891 

(1.887 

28 

72 

0.9 1 T 2 

0.959 

95 

5 

0.809 

0.805 

61 

39 

0.893 

().8ff9 

27 

73 

0 96.3 

0.9(;i 

94 

6 

0.812 

0.80S 

60 

40 

0.896 

0 8IUi 

2<J 

74 

0.965 

0.96.3 

9,3 

7 

0.815 

tL811 

59 

11 

(V898 

0 894 

25 

75 

0 967 

0.965 

92 

8 

0.817 

o.8l;i 

58 

•^12* 

0.90(1 

0.896 

24 

76 

^0-968 

0.i)66 

91 

0 

0.820 

0.816 

57 

13 

.0.902* 

0.899 

23 

77* 

0 970 

0.968 

90 

10 

0.822 

0.818 

56 

44 

0.905 

1).901 

•22 

78 

0-972 

0.97.f 

89 

11 

0.825 

0.821 

55 

45 

0.906 

0.903 

21 

79 

0 !>73 

•.971 

88 

12 

0.827 

0.823 

54 

46 

0.V08 

0.905 

20 

80 

0-‘);4 

o.9/:{ 

87 

13 

0.830 

0 826 

53 

>7 

4).910 

().90f 

19 

81 

0-9;5 

0.971 

86 

14 

0.832 

0.828 

52 '^ 

48, 

01912 

0.909 


82 

0 977 

0.976 

85 

15 

0.835 

0.831 

51 

If) 

0.915 

0.912 

^•17 

83 

0.978 

^.977 

84 

16 

0.838 

0.834 

50 

50 

0.917 

^0.914 

► 16 

84 

0-979 

0.978 

83 

17 

0.840 

0.836 

49* 

51 

0.91"0 

0.917 

1 .5 

85 » 

llVHl 

'0.980 

82 

18 

0.843 

0.839 

48 

52 

0J)22 

a-9vi 

14 

86 

0 982 

0-981 

81 

19 

0.846 

0.842 

47 

53 

0.91^1 1 

0.92 f. 

1.3 

87 

0 984 

0.983 

80 

20 

0,818 

0.844 

46 I 

54 

0.926 

0.923 

12 

88 

0.»86 

0.985 

79 

21 

0.851 

0.847 

45 

55 

0.928 

0 9i;5 

11 

89 

0-9l^7 

0.986 

78 

22 

0.8,53 

0.849 

14 

56 

0.930 

(f.927 

10 

90 

0-988 

0.987 

77 

23 

0.855 

0.851 

43 

57 

0 . 9.33 

0.9.30 

9 

91 

: 0.989 

Lo.988 

76 

24 

0.857 

0,8.53 

42 

58 

0f935 

?).932 

8 

92 

i 0.‘>90 

0.989 

75 j 

25 

0.860 

0.856 

41 

59 

0.937 

0.934 

7 

9.3 i 

0.992 

0.99 ^ 

74 ! 

26 

0.863 

0.859 

40 

60 

0.939 

0.936 

6 

94 

0.991 

0.992 

73 

27 

0.865 

0.861 

39 

61 

0.941 

• .938 

5 


% 

0 994 

72 

28 

0.867 

0.863 

38 

62 

0.943 

0.940 

4 

96 


0.995 

71 

29 

0.870 

0.866 

37 

63 

0.945 

0.942 

3 

97 


0 997 

70 

30 

0-872 

0.868 

36 

64 

0.947 

0.941 

2 

98 


0.998 

69 

31 

0.874 

O.H70 

3.% 

65 

0.949 

0 9*6 

1 

99 


0.999 

68 

32 

0.875 

0.872 

34 

66 

0.951 

0.948 

0 

100 


1.000 1 

67 

33 

0.879 

0.875 

33 

67 

0 9.53 

0.950 




1 


TABLE Vt. 


Tables ,shoivmy the Specific Gravity of Ulquidsy at the Temper 
inre of Fahr, c^resporiding to the Degrees of Beaumes 
* ^Hydrom^Ter, * • 


, For LiquMs lighter than* Water. ^ 


Deg. 

Sp. Gr. 


Sp. Gr. 


10 = 

1.000 

17 

.949 


11 

.990 

18 

,942 « 

24 

12 

.985 

19» 

.935 • 

25 

13 

977 

20 

.928 

26 

14 

.970 

21 

.922 

27 

15 

.963 

2^ 

.915 

28 

16 

.9.55 


• 



Sp. Gr. 

Deg. 

.Sp. Gr. 

i 1>‘W. 

Sp. Gr. 

= .909 , 

29 

= .874 

! 35 

= .842 

.903 

30 

867 

' ;v; 

.837 

.897 

31 

• .861 

. 37 

.832 

.892 

32 

.856 

38 

>8<27 

.886 

33 

.852 

! 39 

.822 

.880 : 

34 

.84;^ 

; 40 

.817 


teg. 

Sp. Gr. 

Deg. 

Sp, Gr. 

0 = 

: 1.000 

15c==1.114 

3 

1.020 . 

18 

1.140 

6 

1.040 

21 

1.170 

9 

1 .064 

24 

1.200 

12 

1 .089 

- 27 

1.230 


For tii^uids heavieifthan Water. 

V Sn fir. I Dfir. Sn. Gr. i Dear. So. Gr, * 


Dc-g. Sp. Gr. 
30=1.261 

.36 l.fc 
.39 
42 


3.373 

i.414 


Deg. Sp. Gr, 
4.3=1.465 
IH# 1.500.‘\ 
51 3.547 

.3^ 3.594 

57 1.659 


Deg. Sp. Gr. 

m=^\.7\7 
6,3 1.779 

66 1.818 
/J'i 1.^20 
72, 2.000 



i(»(;s 


M-1>KNI)1N. 


TABLE VII. 


TABLES FOR RElJi’ERENCE IN QUALI’l'AnVE ANALYSIS. 

I. ga'ses. 


' JHstinclive jyropeiiies of oxygm,^ nitrogen, protoxide of nitrogm, 

* * . * * 

dmtox ide of nUroi/eng hydrogfin^ cdrtjonlc oarxle and carbonic acid, 

I • 


GA^ES. 

Soluble in f Carbonic id ‘ , 

water. \ Protoxjdc of nitrogen. 

Sujipott f Oxygen 
combustion \ « Protoxide of niltrogcn 

1 i-Mi f Carbonic ^iide , 

(iv)mbustiblc< 

t Hydrogen ^ 

» FiXtiugui,«h J Heutoxide of nitrogen 
combustion ^ 




' Solut ion distui’bs lime-water. 
♦^^)oes not. 


} Product of combustion dis- 
turbs lime-water. 

Docs not. 

} Forinsbrown fumes with oxy- 
geii. 

Does not. 


II. ACIDS. 


JJisHnetive proper ftes of cirtain acids ^ in coinbinalmu 


Preeijiitated 
by cliloridejf', 
of barium 


Precipitated 
by nitrate of| 
silver 


ACIDS. 

* 


Sulpliurid 

Iodic ' ^ 

Suljd'.urou.s 

Phosphoric 

Pyrophosp‘horic 

Carbonic 

Hyposulphurobs 

Hydrochloric, 
Hydriodic, 
Phosphoric 
Pyrophosphoric 
Iodic ^ f 
V’arbonic 
^Suljihupms 
flyposulphurjus 


} 


white 1 
yellow J 



Precipitate not dissolved by 
nitiic acid. 


t Precipitate dissolved by hy- 
drochloric ,^acid. 


Precipitate not dissolved by 
nitric acid. 


P^ecjfiitate dissolved by nitric 
acid. 


sulphur appears. 



APPErNDlX. 


1000 


* hi(li(':itc(l by 
strunti: sul- ■ 
phiiric acid. 


ACIDS. 

Carbonic 

tt 

Hyposnlphiirous 

Uydrlodlc 
( -liloric* 


r BfFcrvcsccncc of a pis wliii'li 
( rcn^i'rs liinc-\vat('v turbitl.. 

j Bircrvi'scciu'c ; n-as dccoin- 
^ posi-s iodic, at ill, 

f P^llfrv(^c(*nc‘(* of sul])lmrous 
< acid, and sui^|)bur dc}K)sit.- 

1*^ ,fMt. • 0 

Iodine liberated, 
l\'roxiili*<)f ehlonne evolved, 
‘and liijiiid bleaelies. 


Sl'KCIAL T!:S'r.S, 

llydriodic acid, by cblorine^aiter find .stanjiti. 
iodic acid, b^^^ .‘^ul])buri)iis iwid^waVer and starchy 
iSuli)lmrovis acid, by iodic aci<T and sUirch. ^ 

Nitric acid, l)y suljdiatc of«indigo. • ^ 

J lyposul])liLirous acid dissolves cliliaide 4)f i^ilver. 

,, is [)rccij)ilaTc7l l)y Derate of st ruptiaii. 


in. ALKALIES^AND/^ARTIIS. 

Dlsfmctive projjerties of poimli^ soda^ dmrnonhi^ barytes^ imle, 
strontimiy roagmisia and alumina^ in (heir saffi?; the re-ayioils 
to be applied in succession as numbered. 


IIE-AC4ENTS. 

1 * Cal'bonate of soda 
2” Oxalate of ammonia 

3^^ Diluted sulj)hatc of^oda 

4® Hyposul^^ljite of soda% 

• 

Sl'ECIAL TESTS. 

Caustic potash evolves am.^ojf{(i. 

Tartaric acid in »x(*ess pr»cripifates potash. 
Bicarbonate of potash does not jjrccipitate magnesia . 
C'austic potash dissolves alumina. 


Precipitates earths and :#ot{^alie.s. 
Precipitates barytes TstrontiaW find liin^. 

{ Precijiitates liHrytes and stroig|imi, but 
not lime. ^ ^ 

Precipitetes haryti^ Init not strontian. 



IV. METALyC OXIDES. 

Distinctive properties ^the^pxides of certabn of the metalf proper, in their scuts. 
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